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L’Organisation mondiale de la santé animale (OIE) est l’institution internationale 
responsable de la mise en place des mesures sanitaires associées aux échanges 
commerciaux d’animaux vivants. Le zonage est une méthode de contrôle recommandée par 
l’OIE pour certaines maladies infectieuses, dont l’influenza aviaire. Les éclosions 
d’influenza aviaire été extrêmement coûteuses pour l’industrie avicole partout dans le 
monde. 
Afin d’évaluer la possibilité d’user de cette approche en Ontario, les données sur les 
sites de production avicole ont été fournies par les fédérations d’éleveurs de volailles ce 
cette province. L’information portant sur les industries associées à la production avicole, 
soit les meuneries, les abattoirs, les couvoirs, et les usines de classification d’œufs, a été 
obtenue par l’entremise de plusieurs sources, dont des représentants de l’industrie avicole. 
Des diagrammes de flux a été crée afin de comprendre les interactions entre les sites de 
production et les industries associées à ceux-ci. Ces industries constituaient les éléments de 
bas nécessaires au zonage. Cette analyse a permis de créer une base de données portant sur 
intrants et extrants de production pour chaque site d’élevage avicole, ainsi que pour les sites 
de production des industries associées à l’aviculture. À l’aide du logiciel ArcGIS, cette 
information a été fusionnée à des données géospatiales de Statistique Canada de l’Ontario 
et du Québec. La base de données résultante a permis de réaliser les essais de zonage. 
Soixante-douze essais ont été réalisés. Quatre ont été retenus car celles minimisaient 
de façon similaire les pertes de production de l’industrie. Ces essais montrent que la 
méthode utilisée pour l’étude du zonage peut démontrer les déficits et les surplus de 
production de l’industrie avicole commerciale en Ontario. Ceux-ci pourront servir de point 
de départ lors des discussions des intervenants de l’industrie avicole, étant donné que la 
coopération et la communication sont essentielles au succès du zonage. 
Mots-clés : Influenza aviaire hautement pathogène, zonage, industrie avicole, analyse de 
réseau, gestion de l’offre, maladies infectieuses, commerce international, contrôle régional 





The World Organisation for Animal Health (OIE) is the international reference body 
for international trade standards for live animals. Zoning is a method of controlling certain 
infectious diseases, including avian influenza, recommended by the OIE for use when 
appropriate. Avian influenza outbreaks have been extremely costly to the poultry industry 
throughout the world. 
In order to assess whether this approach was possible in Ontario, data on poultry 
industry production sites were provided by the Ontario poultry marketing boards. Zone 
borders were formed based on two criteria. The first criterion was the supply of essential 
products and services such that within-zone commercial poultry production could be 
maintained. The second was the contiguity of the zone’s territory. Four associated 
industries were identified which provide essential products and services: feed mills, 
abattoirs, hatcheries, and egg grading stations. A product flow analysis was completed to 
understand the direction of product movements between the poultry production sites and 
the sites of the four associated industries.  This analysis was used to create a database of 
input requirements and output production capacity from each type of poultry production 
site. Using ArcGIS, this information was merged with geospatial data from Statistics 
Canada on Ontario and Quebec to create the database used for zoning scenarios. 
Seventy-two scenarios were completed; of these, four were chosen which 
minimized production loss over the whole industry. These scenarios demonstrate that the 
method used for the zoning study can identify the production deficits and surpluses of the 
commercial poultry industry in Ontario. These scenarios can serve as a starting point for 
discussion among industry stakeholders, as cooperation and communication are essential to 
the success of zoning.   
Keywords : Highly Pathogenic Avian Influenza, zoning, commercial poultry industry, flow 
analysis, network analysis, supply-management, avian diseases, international trade, 
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The direction of change in the commercial poultry industry, beginning before the 
Second World War, has been toward an increase in the geographical density of poultry 
production sites with a concurrent increase in the average production capacity per site 
(Graham et al. 2008; Alexander 2007). Layer-hen, broiler chicken and turkey production 
are included in the types of food animal production which have become increasingly 
industrialized. Graham et al. 2008 define industrialization as production “in which 
thousands of animals of one breed and for one purpose… are raised with short-generation 
intervals at single sites under highly controlled conditions, often in confined housing.” In 
Canada, poultry production has followed this general trend. Between 2001 and 2005, the 
number of producers of broiler hatching eggs, broiler chicken, table eggs and turkeys fell, 
while production for all but broiler hatching egg production sites increased (NFPC 2006). 
The Chicken Farmers of Ontario reports that, although production of kilograms of 
eviscerated chicken in that province increased 0.6% from 2007 to 2008, the number of 
licensed farmers fell, as it has every year since 2000 (CFO 2008).  
The increased density of poultry production has been mirrored by an increase in the 
frequency of outbreaks of Highly Pathogenic Avian Influenza (HPAI). The frequency of 
recorded HPAI outbreaks has increased over the past 50 years, with over half of the 
reported cases of HPAI during that time occurring within the past 15 years (Vaillancourt 
2009). The increase in frequency of HPAI outbreaks has been coupled with an increase in 
the number of birds slaughtered as a result of each outbreak (Alexander 2007). The loss of 
16 million birds in Italy, 30 million in the Netherlands, and 17 million in British Columbia, 
have all resulted from HPAI outbreaks in high-density areas of poultry production (Capua 
et al. 2007). This increased density of poultry production, along with increased vertical 
integration of production, is thought to be among the factors responsible for the increased 
frequency of outbreaks (Alexander 2007).  
The World Organisation for Animal Health sets international standards and 




recommends that zoning, also known as regionalization, and another, closely related 
concept called compartmentalisation, be utilized for the control of diseases in certain 
subpopulations whenever appropriate. Although these control methods are not considered 
suitable for all diseases, they are recommended for use in the control of avian influenza 
(OIE 2008e). Given new scientific information about the emergence of avian influenza in 
poultry, as well as the need to address animal welfare and public health concerns, the 
standards regarding avian influenza were adjusted by OIE in May 2005. Some of these 
revisions include clearer guidelines on the use of zoning and compartmentalisation in the 
context of avian influenza (Thiermann 2007).  
Because of recent HPAI outbreaks in Canada (British Columbia in 2004 and 
Saskatchewan in 2007), the concept of zoning has attracted interest among poultry 
organisations in Ontario. The Ontario based Poultry Industry Council (PIC) has founded an 
initiative to determine whether it might be possible to partition that province in at least two 
zones in the event of an HPAI outbreak. Therefore, the research question of this study is: 
Can a method be established to divide the supply-managed poultry production in Ontario 
into at least two independently functioning zones, in order to reduce production loss due to 




Chapter 1: Review of Literature 
1.1 Introduction to the World Organisation for Animal Health 
The World Organisation for Animal Health, originally called the Office 
International des Epizooties, is an intergovernmental organisation established in 1924 in the 
interest of controlling animal diseases on an international level (OIE 2009b). The 
organisation was given its current name in 2003 but is still commonly referred to by its 
traditional acronym of “OIE.” As of April 2009 it claims 174 Member countries and 
territories (WTO 2009). In addition to other publications, the OIE publishes two trade 
standards, the Terrestrial Animal Health Code and the Aquatic Animal Health Code, along 
with corresponding manuals of diagnostic tests (and vaccines in the case of terrestrial 
animals). These publications are meant as guidelines to help Member countries avoid the 
introduction of significant animal diseases or zoonoses into their territory, while at the same 
time refraining from unnecessary restrictions on the trade of live animals and their 
products.  
All Member countries are encouraged to participate in the process of revising these 
trade standards, and may comment on drafts of any proposed changes before official 
Delegates vote on their adoption at the annual OIE General Session (OIE 2008f). In 
Canada, the Chief Veterinary Officer is the official Delegate to the OIE (CFIA 2009a). The 
Office of the Chief Veterinary Officer, part of the Canadian Food Inspection Agency, is the 
main point of contact with OIE Member countries, and is responsible for coordinating and 
evaluating all comments submitted from Canadian individuals or institutions on revisions to 
the OIE trade manuals (CFIA 2009a). The Veterinary Authority of each Member country, 
which includes the veterinarians and other individuals within the governmental authority 
structure, is responsible for the implementation and oversight of the measures incorporated 




The OIE recommends that all Member countries base their regulations for accepting 
imports and regulating exports on the Terrestrial and Aquatic Animal Health Codes and 
other OIE standards (OIE 2009a). A key principle of the Terrestrial Animal Health Code 
guidelines is the recognition that different systems of sanitary control may provide 
equivalent sanitary protection, allowing Member countries the flexibility to taper their 
control measures (OIE 2008d), as long as those measures are based on recommendations in 
the Terrestrial Animal Health Code or a scientific risk analysis (OIE 2009a). Certain 
obligations are assumed to have been met by Member countries in addition to basing their 
regulations on OIE standards; key among them are the requirements that all trade measures 
and risk analysis are based on current scientific evidence, and that any claims about the 
status of health of an animal population is based on scientifically sound epidemiological 
surveillance data, including claims made about an animal subpopulation within a zone or 
compartment (OIE 2008f).      
The OIE maintains permanent relations with many intergovernmental organisations 
in the interest of close cooperation on multi-disciplinary issues such as zoonotic disease 
outbreaks and the safety of food of animal origin. The World Health Organisation 
(Agreement OIE/WHO 2004) and the Food and Agriculture Organisation of the United 
Nations (Agreement OIE/FAO 2004) are two key groups with whom the OIE has formal 
agreements. The two OIE Health Code publications are directly implicated in regulating 
international trade and settling trade disputes involving live animals and their products, 
including via activities pursuant to an agreement concluded with the World Trade 




1.1.1 Relevance of the OIE standards to international trade 
1.1.1.1 Trade mediation between OIE Member countries 
A non-binding mediation process is available for OIE Members to settle trade 
disputes. This process must be agreed upon in advance by both parties, and is designed to 
help involved parties find a solution based on available scientific evidence. The advantage 
of this system, compared to one based on the interpretation of legal statutes, is that it allows 
the parties to avoid the expense and time required for a more formal resolution mechanism. 
Entering into this process does not impede either party from pursuing formal dispute 
resolution, for example via the World Trade Organisation; however, any findings of an OIE 
mediation process may be cited in a WTO dispute resolution proceeding (OIE 2009a). 
1.1.1.2 Relationship of the OIE to the WTO 
The World Trade Organisation (WTO) is based on the original forum for 
international trade issues, called the General Agreement on Tariffs and Trade (GATT). The 
WTO was formed in response to the changing nature of international trade, and the need for 
revisions in trade agreements brought about as a consequence. To date, there are 153 full 
Member countries of the WTO, while 30 additional countries are negotiating membership 
(WTO 2009). The current WTO document for international trade in agriculture-related 
products is one result of these trade agreement revisions. This document, called Agreement 
on the Application of Sanitary and Phytosanitary Measures (the SPS Agreement), covers 
international trade measures related to plant and animal health standards and food safety. 
The WTO does not independently develop the standards of the SPS Agreement, but instead 
relies on the standards of three intergovernmental organisations (WTO 2009). Chapter 5.3 
of the 2008 Terrestrial Animal Health Code describes the role of the OIE in the SPS 




of international health standards, guidelines and recommendations affecting trade in live 
animals and their products,” (OIE 2008d). 
The WTO strongly encourages Member countries to base their trade measures under 
the SPS Agreement on the standards of the three international reference organisations. A 
WTO Member country may choose to set higher standards for sanitary safety than those of 
the reference organisations, but may be requested to provide scientific justification if 
greater restriction to trade would result from applying those higher standards. If the 
scientific justification is deemed insufficient, the WTO may direct the Member to alter the 
standards and to align them with its international trade responsibilities under the SPS 
Agreement. Member countries risk disciplinary action up to and including commercial 
sanctions if they do not comply (OIE 2009a). 
1.1.2 Introduction to zoning and compartmentalisation: definitions 
Zoning, and a related method called compartmentalisation, are disease control 
measures which countries may use to fulfill their responsibilities, as members of the OIE or 
WTO, of assuring the sanitary safety of international trade in live animals and their 
products. These methods, if applied according to OIE recommendations, may allow a 
Member country to export animals or their products from an animal subpopulation, as 
defined by its health status for one of a number of reportable diseases, even if the presence 
of one of those diseases anywhere within its territory would normally impede exports (OIE 
2009a). The WTO SPS Agreement recognizes a procedure for creating zones or 
compartments within the territory of a Member country for international trade (OIE 2009a; 
Agreement WTO/SPS 1995), and has undertaken further discussions on their proper use 
and problems surrounding their application and recognition (WTO 2006). The OIE states 
that these methods, in addition to their application to international trade, may be an 




country’s territory, particularly if the disease in question is difficult or impossible to 
eradicate over the whole of its territory (OIE 2008c).   
The several editions of the OIE Terrestrial Animal Health Code, up to and including 
the 17th edition published in 2008 (referred to as the Code) has incorporated guidelines on 
the appropriate application of zoning and compartmentalisation. In the Code, a zone is 
defined as “a clearly defined part of a territory containing an animal subpopulation with a 
distinct health status with respect to a specific disease for which required surveillance, 
control and biosecurity measures have been applied for the purpose of international trade”. 
A compartment is “an animal subpopulation contained in one or more establishments under 
a common biosecurity management system with a distinct health status with respect to a 
specific disease or diseases for which required surveillance, control and biosecurity 
measures have been applied for the purpose of international trade” (OIE 2008a). The shared 
purpose of a zone or compartment, as highlighted in these definitions, is to define and 
separate a subpopulation of animals on the basis of its health status for a specific disease 
(OIE 2009a).  
1.1.2.1 Definition of containment zone used during outbreaks 
Zoning and compartmentalisation as they have been defined thus far may be applied 
to a territory in the absence of a disease outbreak. That definition of a zone is distinct from 
a containment zone, which is established during a disease outbreak. A containment zone is 
defined in the Code as “a defined zone around and including suspected or infected 
establishments, taking into account the epidemiological factors and results of 
investigations, where control measures to prevent the spread of the infection are applied,” 
(OIE 2008a). The Code specifies that “In the event of limited outbreaks of a specified 
disease within an otherwise free country or zone, a single containment zone, which includes 
all cases, can be established for the purpose of minimizing the impact on the entire country 




1.1.2.2 Requirements for establishment and maintenance of zones and compartments 
The OIE recommends that Member countries apply zoning or compartmentalisation 
when they are suitable options for disease control or international trade (OIE 2008f; OIE 
2008c). Chapters 4.3 and 4.4 of the Code contain general information on zones and 
compartments, discussing the requirements and recommendations needed to define and 
maintain the subpopulation of animals or groups of animals for which a Member country 
intends their application. This subpopulation must be identifiable “through a clear 
epidemiological separation from other animals and all things presenting a disease risk” 
(OIE 2008c).  
1.1.2.2.1 Structural requirements for the creation and maintenance of zones and 
compartments 
A Member country’s Veterinary Services, defined by the OIE as “the governmental 
and non-governmental organisations that implement animal health and welfare measures 
and other standards and recommendations in the Terrestrial Code,” (OIE 2008a) maintains 
a significant role in the establishment and maintenance of a zone or compartment which it 
wishes to be recognized by trading partners for disease eradication or international trade 
(OIE 2008c). Section 3 of the Code describes measures pertaining to Veterinary Services 
and their evaluation, including their role in setting and communicating standards for risk 
analysis, epidemiologic surveillance, and zoning within a Member country’s territory (OIE 
2008b). Because of its role in maintaining a zone or compartment, the structure, 
independence, and other aspects of the Veterinary Services of a Member country must be in 
accordance with the recommendations of Section 3 of the Code as a prerequisite for 
zone/compartment establishment (OIE 2008c). 
Chapter 4.3 stresses the need for cooperation between the Veterinary Services of a 
Member country and industry as essential for zoning and compartmentalisation, especially 




involvement of private stakeholders in a zoning program as a method to enhance its 
effectiveness (WTO 2006), and the same conclusion was reached during the Canadian fact-
finding mission to study zoning in the Netherlands in 2003 (Conference notes: Fact-Finding 
Mission to Netherlands 2003).  
1.1.2.2.2 General required control measures 
Member countries must have general standards which follow the norms for disease 
surveillance contained in Chapter 1.4 of the Code, as well as those for animal identification 
and traceability found in Chapters 4.1 and 4.2, in order to establish a zone or compartment. 
Along with surveillance and the identification of animals, the Code mentions 
biosecurity as integral to the successful establishment and maintenance of a zone or 
compartment. The Veterinary Authority of a Member country must create and document a 
biosecurity plan, describing the measures used in defining and maintaining the separate 
animal subpopulation contained in each zone or compartment (OIE 2008c). This 
biosecurity plan, defined in the Code as “a plan that identifies potential pathways for the 
introduction and spread of disease in a zone or compartment, describes the measures which 
are being or will be applied to mitigate the disease risks, if applicable, in accordance with 
the recommendations in the Terrestrial Code,” (OIE 2008a). The Veterinary Services and 
the involved private industry or industries share responsibility for implementing and 
evaluating the necessary surveillance and biosecurity measures through complementary 
tasks; for example, private industry must properly record and document animal movements, 
which may then be made available for periodic auditing by the Veterinary Services (OIE 
2008c).  
The surveillance, identification, and biosecurity measures utilized are dependent on 
the specific disease and the animal subpopulation for which a zone or compartment is to be 
established. The Code contains more specific information in chapters on diseases for which 




1.1.3 Zoning as applied to the control of avian influenza 
Zoning has been explored as a component of a disease control or eradication 
program for several significant animal diseases, in both agricultural production and for 
wildlife species. Notable examples of the application of zoning for disease control are its 
use to control foot-and-mouth disease in the Netherlands, and bovine tuberculosis in New 
Zealand and the United States/Mexico trade region (Gemmeke et al. 2008; Livingstone et 
al. 2006). The role of wildlife in the transmission of bovine tuberculosis to livestock makes 
the use of zoning as a control method for this disease an interesting example when 
attempting to create zones for the control of avian influenza in poultry. Indeed, in the case 
of avian influenza, wild birds cannot be neglected in the implementation of zoning in 
poultry. This underscores the importance of biosecurity as part of the zoning strategy. 
Certain aspects of the commercial poultry industry have important implications for 
the use of zoning or compartmentalisation for the control of avian influenza. The OIE 
definition of poultry found in the terrestrial code chapter on avian influenza is “all 
domesticated birds, including backyard poultry, used for the production of meat or eggs for 
consumption, for the production of other commercial products, for restocking supplies of 
game, or for breeding these categories of birds, as well as fighting cocks used for any 
purpose,” (OIE 2008e). This definition specifically excludes birds raised for shows or 
exhibits, as well as pet birds. A case report of notifiable avian influenza in the context of 
birds which are not considered poultry does not justify automatic bans on importation by 
trading partners, as may be permitted after a case report within the poultry industry. In 
addition, wild birds are not included in the definition of poultry, although waterfowl such 
as ducks, which are the reservoir species for influenza viruses (Webster et al. 1992) if kept 
for commercial purposes, are considered poultry. 
The surveillance and biosecurity measures taken to separate commercial poultry in a 




2008e). Wild birds, specifically migrating waterfowl, pose a risk for the introduction of 
avian influenza into poultry flocks which may be difficult to eliminate. The challenge posed 
by this risk for disease surveillance, as well as the biosecurity measures which must be 
taken to reduce the risk of viral introduction by this route, may complicate efforts to 
maintain the epidemiological separation of domestic poultry contained in a zone 
(Thiermann 2007). The etiology and epidemiology of avian influenza and the risk factors 
for its introduction into poultry flocks which influence how a zone or compartment is 
created and maintained is discussed in section 1.2.   
1.2 Introduction to influenza viruses 
Influenza viruses are negative-sense RNA viruses belonging to the 
Orthomyxoviridae family, and are further classified into three genera, A, B, and C.  Only 
influenza-A viruses have been known to infect avian species, and migratory waterfowl are 
considered to be the reservoir host for most viruses of this genus (Webster et al. 1992).  The 
host range of influenza viruses is avian species includes at least 105 wild bird species in 26 
families, in addition to many domestic poultry species (Olsen et al. 2006).   
Influenza-A virus genes are found in 8 segments. The viruses are divided into 
subtypes based on the surface antigens of the hemagglutinin (HA) and neuraminidase (NA) 
glycoproteins; the hemagglutinin protein is responsible for virion attachment to host cell, 
and the neuraminidase protein is responsible for cleaving terminal sialic acid from 
glycoproteins or glycolipids, therefore freeing the newly-produced virions from the host 
cell. Currently, there are 16 recognized subtypes of HA and 9 recognized subtypes of NA. 
All of these subtypes, in most combinations, have been isolated from birds; some subtypes 




1.2.1 Mechanisms of mutation of influenza viruses 
If co-infection of a host cell with two different influenza strains occurs, up to 256 
different segment combinations may result through a process called genetic reassortment. 
Along with genetic reassortment of the 8 influenza viral gene segments, two other 
mechanisms of influenza virus mutation have been demonstrated. Antigenic drift is 
characterized by point mutations in the nucleotide sequence, which may lead to amino acid 
substitutions in viral proteins. The other mechanism is non-homologous RNA 
recombination, characterized by the insertion of nucleotides which code for another protein 
into the influenza virus genome (Webster et al. 1992).   
1.2.1.1 Influenza-A viruses in Mammals 
Influenza-A viruses have been isolated from numerous mammalian species, 
including sea mammals, domestic cats, horses, pigs, and humans (Mandler et al. 1990; 
Lindstrom et al. 1998; Webby et al. 2004; Leschnik et al. 2007; Capua et al. 2008). 
Influenza-A viruses rarely become established in mammalian species; however, 
endemically circulating strains have been found in horses, swine and humans (Webster et 
al. 1992).   
1.2.1.2 Genetic Reassortment of Influenza Viruses and Species Adaptation 
The interspecies transmission of influenza genes among swine, human and avian 
hosts is a major factor in the evolution of pandemic strains in humans, as well as 
economically costly epidemics in swine. The adaptation of influenza-A virus genes from 
avian reservoirs to mammalian hosts is multifactorial, and several mechanisms have been 
documented.  Because their epithelial cells possess receptor binding sites with an affinity 
for HA proteins of both avian and human origin, swine can serve as an intermediary 
“mixing vessel” for the introduction of avian influenza genes to human-adapted viruses in 




genes between swine and human viruses; for this reason, swine are considered a reservoir 
for human influenza viruses.  A genotype analysis of swine H1N1 and H3N2 isolates 
demonstrated their role as a vessel for gene reassortment, as some of these strains were 
found to contain genes most similar to human or avian progenitor viruses (Webster et al. 
1992; Alexander 2006; Capua et al. 2008).   
1.2.1.3 Avian Influenza as a Zoonosis  
The deduced genotype of the H1N1 influenza virus responsible for the human 
pandemic of 1918 indicates the virus to be avian-like; this implies that the introduction of 
this virus into humans may have occurred via direct transmission from an avian reservoir. 
There is evidence that this virus may be a common ancestor of human and swine H1N1 
influenza viruses (Taubenberger 2006). It is also suspected that the viruses causing the 
human influenza pandemics of 1957 and 1968 both evolved through genetic reassortment. 
Gene segments isolated from each virus were identical or virtually identical to avian viruses 
circulating around the same time (Webster et al. 1992).   
More recently, a highly pathogenic avian influenza (HPAI) strain has been 
identified as a potential human influenza pandemic strain. In 1997, a highly pathogenic 
H5N1 avian influenza virus was isolated from a child in Hong Kong; ultimately 17 more 
human cases of illness were confirmed during this outbreak. Genotype analysis showed that 
all eight gene segments of the viruses isolated from humans were virtually identical to those 
from the strain of HPAI H5N1 isolated from birds in the region. This finding strongly 
implies the direct transmission of the virus from an avian source to humans without genetic 
reassortment (Subbarao et al. 1998; Shortridge et al. 2000).   
Since 2003, multiple subtypes of HPAI H5N1 have been isolated from humans in 
several countries in Asia, with 407 confirmed cases and 254 deaths as of January 2009 




Cases of human infection with H7 subtypes have been confirmed in conjunction 
with HPAI outbreaks in poultry in the Netherlands and in Canada. During an outbreak of 
HPAI H7N7 in the Netherlands in 2003, poultry workers and their families were asked to 
self-report any signs of influenza-like symptoms or conjunctivitis. Conjunctive samples 
from people who reported these symptoms were tested for Influenza A H7, and were 
detected in 86 workers and 3 of their family members (Koopmans et al. 2004). Most cases 
resulted in mild illness, but there was one fatal case of acute respiratory distress syndrome. 
The H7N7 virus isolated from this case, unlike the mild cases, had 14 amino acid 
substitutions, contributing to concern that H7 Influenza-A subtypes may be a source for a 
human pandemic strain (Fouchier et al. 2004). 
During the HPAI outbreak in the Frasier Valley, British Columbia, which began in 
February of 2004, surveillance of poultry workers and their families resulted in 57 
suspected cases of influenza based on signs of conjunctivitis or influenza-like symptoms, 
and two cases of H7N3 infection were confirmed. Each case involved direct conjunctive 
contact with infected poultry by the infected individual on two separate premises; an H7N3 
virus was subsequently isolated from a nasal specimen from one case and a conjunctiva 
specimen from the other. Neither person showed evidence of seroconversion in paired 
serum samples (Tweed et al. 2004). 
1.2.2 Influenza-A viruses in Poultry 
The World Organisation for Animal Health (OIE) Terrestrial Animal Health Code 
outlines recommendations on measures Member countries can use to obtain certain sanitary 
standards, for the purposes of international trade, when importing or exporting terrestrial 
animals.  In May 2005, changes were made to the code recommendations for the control of 
avian influenza. The OIE code subdivides notifiable avian influenza (NAI), for the purpose 
of international trade, into two categories, to which different sanitary measures apply. 




by: A) Any influenza-A virus which has an intravenous pathogenicity index (IVPI) greater 
than 1.2 in 6 week old chickens, or alternatively a mortality index of greater than or equal 
to 75% in 4 to 8 week old chickens infected intravenously; or B) Any H5 or H7 subtype 
showing the addition of basic amino acids at the cleavage site of the HA protein which are 
associated with an HPAI strain, regardless of its pathogenicity in chickens. Low pathogenic 
notifiable avian influenza (LPAI) is defined as an infection in poultry by any influenza-A 
virus of an HA 5 or 7 subtype that does not meet the HPAI criteria listed above (OIE 
2008e).  
1.2.2.1 Emergence of Highly Pathogenic Avian Influenza 
The increased virulence associated with HPAI is associated with changes in the HA 
protein. The precursor HA protein must be cleaved by a protease to be activated; in most 
influenza virus subtypes it is generally only able to be cleaved by an extracellular protease 
such as trypsin. Viral reproduction is therefore restricted to cells in the systems where 
trypsin is found, which is in the intestinal tract of avian and the respiratory tract of 
mammalian species respectively. The HA precursor protein of HPAI viruses, by contrast, 
may be cleaved by an intracellular protease such as furin, which is not restricted to cell 
types in the systems mentioned above (Alexander 2007; Steineke-Grober et al. 1992). Low 
pathogenic avian influenza of the H5 and H7 subtypes are the only subtypes known to 
undergo the changes resulting in HPAI emergence (Alexander 2006; Capua et al. 2006); it 
is for this reason that they were added to the OIE list of notifiable diseases (Capua et al. 
2006). 
The emergence of HPAI viruses in poultry species from LPAI viruses have recently 
occurred via both antigenic drift and non-homologous recombination. The H7N1 outbreak 
in Italy in 1999-2000 (Capua et al. 2000), the H5N2 outbreak in Mexico in 1995 (Horimoto 
et al. 1995), and the H7N7 outbreak which began in the Netherlands in 2003 (Fouchier et 




addition of basic amino acids around the HA cleavage site subsequent to antigenic drift. 
The emergence of an HPAI H7N3 virus in Chile was the result of a non-homologous 
recombination between the nucleoprotein and HA protein (Suarez et al. 2004), and the 
HPAI H7N3 outbreak in British Columbia in 2004 resulted from recombination between 
the matrix and HA protein (Pasick et al. 2005). 
1.2.2.2 Sources of infection of commercial poultry with avian influenza 
Many studies on the mechanisms of introduction of avian influenza viruses into 
commercial poultry premises have been carried out. 
The primary introduction of an influenza virus into commercial poultry flocks is 
generally thought to occur via wild birds, via contamination of water sources for 
commercial poultry premises or survival of avian influenza (AI) viruses in water and 
transmission via fomites (Alexander 2007; Webster et al. 1992; Feare et al. 2007). Fecal 
shedding of influenza viruses from reservoir aquatic bird species, especially juveniles, may 
contaminate aquatic bird habitats along their flyways (Webster et al. 1992).  This 
hypothesis is supported by comparisons of viral isolates from wild and domestic species, as 
well as spatial and geographic data on the location of outbreaks to flyways used by 
migrating waterfowl and environmental surveillance data.  
Campitelli et al. (2004) compared virus isolates from an LPAI H7N3 outbreak 
affecting primarily turkey flocks in the Lombardia region, beginning in October 2002 and 
lasting one year, to H7N3 virus isolates collected at the Orbetello Lagoon from August to 
October 2001 during routine surveillance of wild birds. This lagoon is a known wintering 
site of several species of migrating birds whose migratory routes pass through the same 
area of northern Italy where an outbreak of HPAI H7N1 in 1999-2000 resulted in mass 




Of particular interest are the findings related to the H7 and N3 proteins. The H7 
protein from 2 strains isolated from turkeys were 99.6% homologous at the nucleotide and 
the amino acid levels to those isolated from 2 strains collected from mallard ducks at the 
lagoon. Comparisons of the N3 genes of the 4 isolates showed a similarity of 94% between 
the mallard and turkey isolates at the nucleotide level. However, this difference was derived 
primarily from a 250 base pair deletion from the turkey N3 protein, resulting in a 23 amino 
acid (a.a.) deletion in the stalk region; this deletion has been previously found and thought 
to be an adaptation to poultry species from host reservoir species (Banks et al. 2001). When 
leaving out the 23 amino acid deletion, the mallard N3 isolates were 99% homologous to 
the turkey isolates at the nucleotide level and the amino acid level.  
Although a direct manner of transmission to the index turkey farm from wild bird 
reservoirs was not discovered at the time of this study, the authors concluded that an H7N3 
virus circulating in wild birds in the area was the source of the initial infection; the 
similarity in the virus isolates, along with the location of the index farm in a region with a 
known aquatic bird gathering site, provided strong evidence for their conclusion.  
Lee et al. (2008) compared HPAI H5N1 viruses isolated from two outbreaks in 
South Korea in November and December 2006 to isolates obtained from the environment 
around aquatic bird habitats in the area. These isolates were all found to likely be derived 
from an H5N1 strain isolated from a bar headed goose at Qinghai Lake in China in 2005; 
the lake is a habitat for aquatic birds. Each environmental isolate collected during the 
outbreak in commercial poultry premises was found to be most similar to the isolates from 
one of the outbreaks, and all isolates had multiple basic amino acids at the HA protein 
cleavage site and showed shortening of the NA stalk. The authors state that since these 
changes are generally associated with adaptation to poultry, it is not certain whether these 
virus changes originated in the poultry and spread to the environment or vice versa. 




virus, is the presence of similar HPAI H5N1 strains which caused outbreaks in January of 
2007 in Japan, along the same flyway as the sites of the outbreak in Korea. 
Pasick et al. (2009) provides an argument for the indirect introduction of an 
influenza virus from a wild bird reservoir resulting in an HPAI H7N3 outbreak in 
Saskatchewan in 2007. The commercial broiler hatching egg production site with multiple 
barns was relatively isolated, with only one other commercial site in a 10 km radius and a 
few small non-commercial sites located within a 3 km radius. However, although the virus 
spread to several of the barns on the index site, none of the other production sites in the 
area were involved in the outbreak. The hatching egg production site is 5.5 km away from 
Last Mountain Lake, a bird sanctuary and waterfowl migration staging area. Phylogenetic 
analysis of the virus showed it was most similar to isolates obtained during wild aquatic 
bird surveillance in 2006 and 2007. One introduction route proposed is via workers’ 
clothing or by vehicles, which is possible given the proximity of the lake to the premises; 
the other compelling argument is via indirect transmission by viral persistence in water. A 
small well on the production site, which was used during high demand periods, was 
separate from the municipal water source and its ozonating mechanism, which usually kills 
influenza viruses, had a history of breaking down around the time of infection. 
1.2.2.3 Transmission of influenza during outbreaks in commercial poultry species 
Evidence of many indirect and direct methods of AI introduction into commercial 
poultry premises and spread between commercial premises has been shown.   
1.2.2.3.1 Proximity to infected premises 
The findings of several studies, taken together, confirm that close proximity to an 
infected premises is a major risk factor for infection for a given commercial poultry 




movement, other fomites, wild animals, or localized airborne movement in some cases 
(Capua et al. 2006; Power 2005).  
Mannelli et al. (2006) and Busani et al. (2009) examined factors associated with the 
risk of a poultry premise becoming infected during the H7N1 Italian HPAI outbreaks of 
1999-2000. One risk factor examined was the proximity of a poultry premise to an infected 
premise during its “temporal risk window,” which the authors of both articles defined as the 
time during which clinical signs of HPAI could be detected at other premises subsequent to 
virus transmission from the infected premise. The relative risk of infection for premises 
located within 1.5 km of an infected premise during its temporal risk window, compared to 
premises located at least 1.5 km away, was 12.2 (95% Confidence Interval 9.0 - 16.7) 
before and 12.4 (95% Confidence Interval 8.7 - 17.7) after pre-emptive slaughter was 
begun (Mannelli et al. 2006). Busani et al. (2009) used a Cox’s regression model to 
estimate the hazard of infection associated with different risk factors. Compared to 
premises located at least 4.5 km away from an infected premise during its temporal risk 
window, the hazard ratios reported for premises within closer proximities were: 3.03 (95% 
Confidence Interval 2.21 - 4.15) for premises within 4.5 km of an infected premise, 3.29 
(95% Confidence Interval 2.36 - 4.59) for premises located within 3 km to 4.5 km, and 4.55 
(95% Confidence Interval 3.15 - 6.56) for premises located within 1.5 km. The first five 
case premises of the H7N7 HPAI outbreak in the Netherlands in 2003 described by Elbers 
et al. (2004) were extremely close together, with cases 1, 3, and 5 located on the same road 
and cases 2 and 4 less than 600 meters apart in the same town as case 3. Boender et al. 
(2007) indicated that the vast majority of infections during that same outbreak occurred 
within 25 km of a premise which was already infected.  
Studies on outbreaks of LPAI H7N2 in the United States also show close proximity 
to be involved in disease transmission. Some possible reasons for this phenomenon were: 
1) social ties among producers; 2) separate production sites owned by the same company; 




Henzler et al. 2003). An analysis of risk factors during the LPAI outbreak of H5N2 in Japan 
concluded that the direct distance to an infected premise was a risk factor for infection 
(Nishiguchi et al. 2007). In that study, the odds ratios associated with proximity, and the 95 
% Confidence Intervals, were: 8.6 (1.2 - 61.8) for premises within 500 m, 0.8 (0.08 - 9.3) 
for premises from 500 meters to 1.5 km, and 20.1 (3.1 - 142.9) for premises from 1 km to 
1.5 km. The authors concluded that proximity to an infected premise did pose a risk of 
infection and conclude that the odds ratios were non-distance dependent within 1.5 km. 
They explain that the odds ratio for premises closer than 500 meters may be due to the fact 
that virus dissemination may only occur over short distances, and transportation of goods 
between farms may have increased the odds associated with proximity of 500 meters to 1.5 
km to an infected premise (Nishiguchi et al. 2007).  
1.2.2.3.2 Direct transmission via fomites 
The movement of people or equipment on or around commercial poultry production 
sites and the transmission of AI viruses via animals have been suspected during AI 
outbreaks. Visitors who do not respect clothing or hand washing biosecurity procedures are 
proposed sources of introduction (Nishiguchi et al. 2007; Vieira et al. 2009). Having non-
family members as employees on the premises is also proposed as a source of introduction 
(McQuiston et al. 2005). In the case of layer sites, contaminated egg crates, or the increased 
frequency of visits by trucks to egg laying production sites posed potential risks for 
infection (Power et al. 2005; Thomas et al. 2005).  
The presence of insects or animals has also been implicated as a possible disease 
transmission route. Flies tested near the buildings on broiler chicken premise during an 
HPAI H5N1 outbreak in Japan in 2004 tested positive for the same isolate as was found in 
the poultry houses, indicating the possibility of flies as a fomite (Sawabe et al. 2006). Case 
farms were more likely than control farms to report the presence of raccoons or other wild 




author notes that their presence was subjectively reported and not directly linked to 
infection, he proposes that wild animals could track contaminated litter or feathers to other 
premises nearby.  
1.2.2.3.3 Premises size, production type, and species 
The number of birds kept on site is associated with increased risk of infection. Some 
plausible explanations for this association are the need in larger premises for greater 
number of workers, thereby increasing the chances of introduction by contamination of 
workers’ clothes or by vehicular traffic, and an increase in the number of feed truck and/or 
other types of service provider traffic on the premises (Busani et al. 2008; Thomas et al. 
2005; Graham et al. 2008). 
Turkeys have been found to be clinically more affected by LPAI viruses and more 
susceptible to infection than chicken species (Capua et al. 2000; Campitelli et al. 2004; 
Tumpey et al. 2004). Turkey premises were at a higher risk generally for infection when 
compared to chicken production types in Italy during the 1999-2000 outbreak (Busani et al. 
2008).  
When layer and broiler type chickens are compared, layer hen production sites seem 
to be at a higher risk of infection (Nishiguchi et al. 2007; Thomas et al. 2005; Busani et al. 
2008). Reasons why this may occur include increased vehicular traffic associated with egg 
production, or the risks from reusing egg crates (Power 2005).  
1.2.2.3.4 Environmental spread 
Long distance airborne spread of AI viruses has not been documented (Capua et al. 
2006). However, the localized transmission of AI over short distances, especially during 
depopulation procedures during outbreaks, seems to have been responsible for at least a few 




Having a power ventilation system was found to be associated with increased risk of 
infection during the Virginia outbreak (McQuiston et al. 2005). Graham (2008) mentions 
that tunnel ventilation systems are increasingly used in the United States. These systems 
have been found to produce a large amount of aerosolized dust from broiler houses which is 
locally much greater than what is found in air samples of a semirural area (Power 2005). 
The risk of local virus spread via aerosolized virus in the dust from infected houses cannot 
be ruled out as a source of infection. 
Rendering of dead birds as compared to composting, has been found to be 
associated with increased risk of infection in several studies (McQuiston et al. 2005; Power 
2005; Henzler et al. 2003). Possible reasons for this association include the dust, litter and 
debris which occur if rendering is done during depopulation or the general risk of local 
spread to nearby premises if birds are moved off-site to be rendered in improperly sealed 
containers and trucks. 
The inadvertent spread of infected litter from poultry houses onto land nearby has 
been associated with local spread of outbreak (Henzler et al. 2003).  
1.2.2.4 Avian influenza risk factors and the Ontario commercial poultry industry 
Most of the risk factors for avian influenza introduction in commercial poultry 
which have been reviewed are applicable to the commercial poultry industry in Ontario. 
Understanding the structure of that industry is important for evaluating how the interplay of 
risk factors within it may affect the potential routes of influenza introduction into poultry 
premises.  
1.3 Network Analysis 
The network paradigm allows the interactions between components of a system to 




networks, electrical grids, and the affiliations of businesses in a trade network (Watts 
2003). The usefulness of networks as a method of examining interactions is well stated by 
Friedman et al. (2001): “Networks offer the promise of a way to move the analytic focus 
one step “above” that of the individual, to consider the patterns through which individuals 
are linked in small groups and through them in large “sociometric” networks,” where a 
“sociometric network” refers to a group of individuals and considers all of the links 
between them (Friedman et al. 2001). 
Network analysis has been used to explore many types of interactions in public 
health and epidemiologic research, and several theoretical studies have looked at how 
certain attributes of a network may affect disease spread (May et al. 2001; Moore et al. 
2000; Pastor-Satorras et al. 2001). A primary example of applied network analysis in public 
health is the study of disease transmission patterns (Friedman et al. 2001; Luke et al. 2007; 
Watts 2003). Viewing disease transmission through the network paradigm allows for the 
study of a “risk potential network,” which is described by Friedman et al. (2001) as contact 
between two individuals that could result in the spread of infection assuming the disease is 
present within the network. This method of studying disease dispersion has been applied 
extensively to HIV/AIDS transmission (Friedman et al. 2001; Luke et al. 2007). Network 
analysis has been used to examine the potential contribution of movements associated with 
animal production, such as shipments of livestock, milk tankers or poultry catching teams, 
to disease spread within commercial livestock trade networks (Bigras-Poulin et al. 2006; 
Bigras-Poulin et al. 2007; Kiss et al. 2006; Dubé et al. 2008; Ortiz-Pelaez et al. 2006; Dent 
et al. 2008).  
In addition to examining the relationships between individuals, network analysis has 
been used to examine the relationships between groups. The focus of interorganisational 
network analysis is on the relationships between the agencies or groups which form the 
vertices of the network, whereas in a risk potential network the focus of the analysis is on 




analysis has been used extensively to examine the movements of products between 
different companies within a product distribution network (Wynn et al. 2008; Baker et al. 
2005; Baker 1990). It has also been used to examine the relationships between and within 
companies by analyzing the connections between their high-ranking employees; two 
examples include the degree of interaction between executive committee members of large 
banks, and the degree of communication and cooperation between government departments 
(Baker et al. 2005; Baker 1990). In addition to its use to examine economic and political 
relationships, this method has been utilized to examine the organisational infrastructure of 
public health systems in several contexts, including tobacco control, emergency delivery 
services, and HIV/AIDS treatment and referral programs (Harris et al. 2008; Luke et al. 
2007; Moore et al. 2006; Watts 2003).   
1.3.1 Key definitions in network analysis  
A network as a concept may be characterized using graph theory. A graph is 
described by Bigras-Poulin et al. (2006) as “a theoretical entity in mathematics that consists 
of a set of nodes (vertices) and a set of edges (arcs) linking some or all of the nodes”. In a 
directed graph, the links between nodes have a direction associated with them. Nodes in a 
directed graph are referred to as vertices (vertex singular) and links between nodes are 
referred to as arcs (Bigras-Poulin et al. 2006).  
1.3.1.1 Significance of node and link definitions for interpreting network analysis 
The definition of a node in a given network, as well as the interaction which 
constitutes a link between the nodes, may be adjusted to the research question which is 
being asked (De Nooy et al. 2005; Ortiz-Pelaez et al. 2006; Watts 2003). An essential 
component of these definitions is the inclusion of a time period during which the link 
between nodes occurs (Ortiz-Pelaez et al. 2006). The rationale behind the inclusion criteria 




analysis of that network, because as De Nooy et al. (2005) note, “Boundary specification 
may seriously affect the structure of a network.” 
1.3.2 Interorganisational network analysis 
Several types of interorganisational networks are cited in the literature. Baker 
(1990) discusses interorganisational market ties between businesses, and states that 
“Market ties, created by the exchange of goods, services, and money, are the predominant 
type of linkage between business firms.” However, in public health research, the exchange 
of information among public health service providers is a primary topic of study (Luke et 
al. 2007). 
Baker et al. (2005) describe older studies of product exchanges as product flow 
analysis. Recent studies, including Wynn et al. (2008), use this term in reference to the 
study of the time-dependent flow of products through distribution networks. The terms 
“flow analysis” and “product flow analysis” were not found in conjunction with a search of 
key words for public health or veterinary epidemiology. However, the article by Wynn et 
al. (2008) mentions the public-health problem of recalling food potentially contaminated 
with salmonella from within a food distribution network as one motivating example for 
studying product flow analysis. The analysis of the flow of commercial livestock and their 
related goods and services within a commercial livestock industry to examine their impact 
on disease spread, as described in studies by Bigras-Poulin et al. (2006), and Ortiz-Paez et 
al. (2006), is an example of applied product flow analysis similar to the example cited by 
Wynn et al. (2008).  
In studies mentioned above, the links between nodes in the network were defined 
based on the exchange of a physical product or service. In contrast to these studies, links 
between nodes in the interorganisational network analysis of public health networks, such 
as those cited in the articles by Moore et al. (2006) and Harris et al. (2008) discussed in 




Network inclusion and other important aspects of interorganisational network analysis are 
discussed below.     
1.3.2.1 Important aspects of interorganisational network analysis 
An important aspect of interorganisational network analysis is the ability to analyze 
the connection between groups as well as the connections between individuals belonging to 
each group (Provan 2007; Watts 2003). Watts (2003) discusses this concept in reference to 
affiliation networks, stating that these networks have two types of nodes, which he calls 
actors and groups. An affiliation network may be represented by a bipartite or two-mode 
network, such as the one found in Figure 1, adapted from Watts (2003). In this figure, “the 
two sets of nodes are represented separately and only nodes of different types can be 
connected,” therefore the actors (individuals) are only connected to groups and groups are 
only connected to actors (Watts 2003). Figure 1 shows how a bipartite graph may be split 
into a group interlock network (C), which illustrates the connections between groups, and 
an actor affiliation network (A), which illustrates the connections between actors. Two 
examples of this type of network cited by Watts (2003) are the membership of individuals 




Figure 1. Bipartite network graph (B) divided into the group interlock (A) and actor 




The bipartite network graph shown in Figure 1 (B) may be separated into two networks. 
The group interlock network (A) indicates the links between groups. Groups are linked if 
they share a common individual member. The actor affiliation network (C) indicates the 
links between individuals; individuals are linked if they share membership in one or more 






A bipartite network analysis is an example of multilevel network analysis (Diez-
Roux 2000). A benefit of multilevel analysis is that it allows for the study of interactions 
between individuals, the groups to which they belong, or of the interactions between both 
individuals and groups at once (Diez-Roux 2000). Multilevel analysis has been used to 
examine livestock trade networks (Bigras-Poulin et al. 2006; Bigras-Poulin et al. 2007). 
The definition of a group, and the relationship between group and individual level 
variables, are an important aspect of multilevel analysis, because groups should be 
“meaningful in explaining the outcome;” according to Diez-Roux (2000), who states that 
“The key issue is that group-level variables are used as measures of relevant group-level 
constructs (rather than as proxies for unavailable individual-level data)”.  
The concept of the equivalence of nodes within a network is important when 
defining members of a group or examining patterns of links between nodes (De Nooy et al. 
2005; Luke et al. 2007). Luke et al. (2007) define structural equivalence as the degree to 
which individual actors within a network play a similar role by having the same patterns of 
connections with other individuals. De Nooy et al. (2005) refer to actors with similar 
patterns as being in the same “equivalence class,” where they are not necessarily linked 
with the same actors, but are linked with actors in the same classes. Baker et al. (2005) 
define a “trader class” as a group of organisations which have similar patterns of 
participation in a market, which is defined as “a set of exchanges involving a specific 
product or service.”  
1.3.2.2 Network inclusion criteria in interorganisational network analysis 
Defining the network boundary is important to the interpretation of 
interorganisational network analysis (Provan 2007; Watts 2003). Provan (2007) discusses 
the concept of a “whole network,” defined as “a group of three or more organisations 
connected in ways that facilitate achievement of a common goal.” Baker et al. (2005) 




a recognized area of institutional life,” consisting of the key suppliers, producers, and other 
organisations which produce similar products and/or services.” Examples of organisational 
fields in public health are the networks of entities involved in healthcare delivery or 
emergency services. 
The method used to include or exclude groups involved in public health services has 
been examined in the context of tobacco control and of emergency delivery services (Harris 
et al. 2008; Moore et al. 2006). In both of these studies, inclusion in the network being 
studied and the definition of a link between nodes in the network were dependent on the 
exchange of information or the sharing of resources. Harris et al. (2008) studied the tobacco 
control programs in several US states to first identify the agencies which participated in the 
program within a given state, and then to examine the degree of communication between 
agencies. They began by asking the program manager of the lead agency in each state to list 
partner agencies; this list was then reviewed and revised by the researchers in consultation 
with the program manager and the director of the state’s tobacco control coalition. 
Agencies were categorized into six types, including lead agencies, advocacy groups, 
coalitions, contractors, advisory/consulting agencies, and “other state agencies,” (Harris et 
al. 2008). Agencies on the list were asked to participate in a survey detailing the type and 
frequency of interactions their agency had with others within the network; interaction level 
was classified into seven categories, from no interaction, to interaction only when 
beneficial to one or both partners, to working together when possible, up to full integration 
with shared staff and resources. In the interorganisational network analysis, only agencies 
which reported working together when possible were considered linked. The authors state 
that this method of choosing the agencies to include in the interorganisational network 
analysis yields the key representative agencies of each type; therefore the network structure 
observed likely represents the pattern of interactions occurring in each state, although it 




Moore et al. (2006) examined the coordination between different municipal, 
regional and provincial public health and emergency management agencies in Alberta. The 
study stratified organisations into four administrative divisions: provincial, sub-provincial, 
metropolitan area, and town or local areas. The sampling frame within the first three strata 
was all agencies involved in public health and emergency management; however, only the 
agencies in certain towns, which were randomly selected from Alberta Emergency 
Management district divisions in six geographical areas, were selected for the sampling 
frame of the fourth strata. The authors assumed that the agencies found in a random 
sampling of towns in each area sufficiently represent the pattern of contact of agencies in 
towns with the agencies of the higher strata (Moore et al. 2006). This assumption is similar 
to the assumption by Harris et al. (2008) that the results of the analysis are not dependent 
on the inclusion of all agencies if all types of agencies are represented. These assumptions 
are consistent with the idea that organisations within the same “trader class” are structurally 
equivalent and therefore have similar patterns of links with other types of nodes (Baker et 
al. 2005). 
1.4 The Canadian Supply-Management System and Regulation 
of Poultry Products 
1.4.1 Introduction to the Canadian supply-management system 
In Canada, legislation attempting to regulate the production or sale of agricultural 
products through a system of controls on producers or processors dates back to the 1920’s 
(McMurchy 1990). The Farm Product Agencies Act defines a supply-management system 
as a system where the producers of a product control its supply (Canada 2009). The goal of 
the current supply-management system for certain agricultural products is to ensure the 
stability of their price relative to the cost of production. Joint authority exercised by the 




approach to regulating trade intra-provincially and for the interprovincial/international 
markets (NFPC 2009a). This system originated after the unregulated trade of some 
agricultural products between provinces resulted in market instability and wide price 
variations (NFPC 2009b).   
1.4.2 Federal Legislation and National Agencies 
Some agricultural products, also referred to as farm products, are regulated via a 
federal supply-management system. To date, farm products regulated in this manner in 
Canada include most types of poultry production as well as dairy products. The federal 
Acts which regulate these products fall under the jurisdiction of the Canadian Minister of 
Agriculture and Agri-Food (NFPC 2009c). Legislation for dairy product marketing and 
production falls under the Canadian Dairy Commission Act; the legislation which 
authorizes the national supply-management system for certain poultry products is described 
below.  
The federal Farm Product Agencies Act allows producers of a farm product to 
establish a national marketing agency or to form a national promotion and research agency, 
provided the product is outside the purview of laws pertaining to wheat or dairy products.  
A section of the Act also forms the National Farm Products Council (NFPC), which serves 
as the supervisory body for all national marketing and promotion/research agencies which 
fall under its purview (NFPC 2009c).   
To date, four national marketing agencies, all pertaining to poultry production, have 
been created under the Act. These are: the Egg Farmers of Canada, the Canadian Turkey 
Marketing Agency, the Chicken Farmers of Canada, and the Canadian Hatching Egg 
Producers (NFPC 2009c). One research and promotion agency, the Canadian Beef Cattle 
Research Market Development and Promotion Agency, has also been created (NFPC 




1.4.3 National Marketing Agencies 
Under the Act, a national marketing agency for a regulated farm product exists to 
promote a competitive production and marketing industry for that product, for the purpose 
of interprovincial and export trade (NFPC 2009a). The Act requires the decisions made by 
a national marketing agency to be in the best interest of the entire industry (as opposed to 
favoring production of the farm product in one province or territory over another). All 
decisions must also take into account the best interests of the industries associated with the 
production of the regulated farm product, for example poultry processors, as well as the 
interests of its consumers (Canada 2009).   
Each national marketing agency is required to create and implement a national 
marketing plan for the farm product it oversees; these marketing plans form the backbone 
of the national supply-management system (OMAFRA 2009e). Several provisions may be 
included in a national marketing plan created under the Act, though they are not obligatory. 
Important provisions include authorization of the national marketing agency to: impose 
limits on its members’ production of the farm product over a given period of time 
(otherwise known as a production quota); to require producers of the product to obtain a 
license; to impose fines and penalties on producers if they exceed their production quota; to 
negotiate in advance of the production cycle the prices paid to producers; and to impose 
levies on producers to fund its activities (Canada 2009).  
One important feature of the national marketing plans coordinates the production 
and marketing of supply-managed farm products for intra-provincial and 
interprovincial/international trade. Each marketing plan is negotiated by the national 
marketing agency with its equivalent provincial/territorial producer marketing board; other 
national and provincial/territorial bodies are also signatories to the plans. Any change to a 
national marketing plan must be agreed upon in advance by all signatories. Due to the 




negotiating these national marketing plans, they are commonly referred to as federal-
provincial-territorial agreements (OMAFRA 2009d).  
Each national marketing agency determines a national quota for the farm product it 
oversees, based on projected domestic consumption and international trade agreements; 
with the exception of the Chicken Farmers of Canada, this determination is made on a 
yearly basis (NFPC 2009e). The quota for the Chicken Farmers of Canada is determined on 
a cyclical basis in advance of each 8 week production cycle (NFPC 2009e). This national 
production quota is allocated among the provinces and territories based on the criteria 
agreed upon in the agency’s federal-provincial-territorial agreement; penalties may be 
imposed upon any province or territory’s marketing board if they exceed their allotment 
(OMAFRA 2009e).  
In addition to the controls imposed on the provincial production of regulated farm 
products via national marketing plans, Section 31 of the Farm Product Agencies Act 
authorizes the Minister of Agriculture and Agri-Food to act on behalf of the government of 
Canada and enter directly into contracts with a provincial or territorial government 
regarding the intraprovincial trade of regulated farm products. Specifically, these contracts 
can authorize a national marketing agency to perform the functions described in the Farm 
Product Agencies Act to deal with trade within a province or territory (Canada 2009).  
1.4.3.1 Role of National Farm Products Council 
The National Farm Products Council reports to Parliament via the Minister of 
Agriculture and Agri-Food.  In its supervisory capacity, the NFPC oversees the operations 
of existing national marketing and promotion/research agencies. Its role regarding national 
marketing agencies is to verify that they are functioning within their legal mandate, and it 
attempts to ensure that the agencies’ decisions are in the best interests of the producers, 
associated industries, and consumers of the farm products they regulate (NFPC 2009d). In 




of Agriculture and Agri-Food on the establishment of a new national marketing or 
promotion/research agency and on expanding the powers of any existing agency within 
limits set by the Act. When performing these duties, the NFPC is under mandate to consult 
“on a continuing basis” with any provincial or territorial government involved with the 
agencies under the Act’s purview, as well as with the supervisory bodies of 
provincial/territorial marketing boards which oversee the intra-provincial trade of regulated 
farm products (Canada 2009).   
Two specific NFPC oversight duties on national marketing agencies include 
approving their production quota allocations for the provinces before they may be 
implemented, as well as approving the levies they impose on producers to pay for their 
activities (OMAFRA 2009e).    
1.4.4 Provincial Legislation and the Regulation of Marketing Boards in 
Ontario 
The marketing system of regulated farm products within Ontario is governed by the 
Farm Products Marketing Act and the Milk Act; these acts are under the responsibility of 
the Ontario Minister of Agriculture and Food and Rural Affairs (OMAFRA). Regulations 
for collective marketing by producers of dairy products are described in the Milk Act, while 
the Farm Products Marketing Act applies to farm products other than milk and cream 
(McMurchy 1990). The Farm Products Marketing Act authorizes the Ontario producers of 
farm products not under the purview of the Milk Act to market their product collectively 
within the province. Under this Act, the mechanism by which producers may choose to 
exercise this option generally requires their agreement on compulsory membership in a 
provincial marketing board which, once approved, acts to market their product on their 
behalf (OMAFRA 2009b).  To date, twenty-one marketing boards in Ontario have been 
created under its purview.  As with national marketing agencies, the Farm Products 




wide best interest of the producers, processors, and consumers of the product they regulate 
(OMAFRA 2009a).   
One key difference between the Ontario system for regulated farm products and that 
of the federally supply-managed products is the role and authority granted to its supervisory 
body, the Ontario Farm Marketing Products Commission. This Commission was created 
through amendments to the Ontario Farm Products Marketing Act and the Milk Act, and 
acts as the supervisory body to marketing boards created under the purview of both Acts 
(McMurchy 1990). The Commission has an expansive role in the oversight of all regulated 
farm products within the province, with an overarching goal similar to that of the National 
Farm Products Council of verifying that the best interests of Ontario producers, processors, 
and consumers of regulated farm products are served by decisions made by marketing 
boards.  In this role, the Commission may determine which functions and powers may be 
exercised by a given provincial marketing board, without further consultation with the 
Ontario Minister of Agriculture and Food (OMAFRA 2009c). Along with the Minister, it 
must approve the creation of a new marketing board before final approval is obtained by 
the Ontario Cabinet (OMAFRA 2009b). 
These features differentiate the Ontario Commission from the National Farm 
Products Council. The NFPC is not involved in the national supply-managed plan for dairy 
products as it only oversees agencies created under the Farm Product Agencies Act of 
Canada.  The NFPC reports its recommendations regarding national marketing and 
research/promotion agencies to the Minister of Agriculture and Agri-Food of Canada, but 
may not act unilaterally on those recommendations, as alterations to the national marketing 
plans for supply-managed poultry products must be agreed upon by all signatories of the 
original provincial-territorial-federal agreements (Canada 2009).   
In addition to overseeing the provincial marketing boards which are signatories to 
the provincial-federal agreements for supply-managed poultry products, the Commission is 




OMAFRA to which it is responsible. In this capacity it regularly consults with federal and 
provincial bodies involved in applying the national marketing plans within Ontario 
(OMAFRA 2009c). 
Similar to content of Section 31 of the Farm Products Agencies Act of Canada, 
Section 22 of the Farm Products Marketing Act of Ontario authorizes the OMAFRA 
Minister, the Ontario Farm Products Marketing Commission, or any provincial marketing 
board in Ontario, to enter into contracts with the Government of Canada.  This section 
reiterates the ability of a national marketing agency of Canada to act within the province of 
Ontario regarding the intra-provincial trade of a nationally regulated farm product; and also 
authorizes the Ontario Farm Marketing Products Commission or any provincial marketing 
board to act on behalf of the government of Canada regarding the export trade of a 
provincially regulated farm product, provided it has authorization to act in performing the 
same functions within the province of Ontario (OMAFRA 2009b).   
1.4.4.1 The Farm Products Marketing Commission and Marketing Boards under its 
Oversight 
A key difference between national marketing agencies and Ontario marketing 
boards is the inherent authority of national marketing agencies to set production quotas and 
negotiate prices paid to producers, which are not permitted for all marketing boards in 
Ontario. The marketing boards not authorized to impose a production quota are involved in 
the negotiation of either a minimum price or a set price which buyers of the farm product 
must pay to producers. Currently, six of the twenty-one marketing boards are authorized to 
impose a production quota as well as negotiate a price for producers.  These marketing 
boards are: the Ontario Flue-Cured Tobacco Growers’ Marketing Board; the Dairy Farmers 
of Ontario, which is a signatory of the Canadian Dairy Commission Act and the Ontario 
Milk Act; and the Egg Farmers of Ontario, the Turkey Farmers of Ontario, the Chicken 




are the Ontario signatories to the federal-provincial-territorial agreements for supply-
managed poultry products covered under the Farm Product Agencies Act of Canada 
(OMAFRA 2009a). 
The Ontario Farm Products Marketing Commission is responsible for allocating to 
the marketing boards all the powers and functions permitted under provincial legislation, 
and may choose which of these functions a given marketing board may perform. Marketing 
boards must obtain the Commission’s authorization before legally exercising any power or 
function (OMAFRA 2009b).  These powers and functions fall into three general categories. 
One category includes functions which the Commission may choose to exercise on behalf 
of a marketing board, or may authorize a marketing board to perform directly. Examples 
include requiring producers or processors to obtain a production license, and requiring 
involved parties to negotiate a minimum price. Also included in this category is the ability 
to set penalties on producers or other parties who do not adhere to the rules which govern a 
marketing board’s operations (OMAFRA 2009b). 
The second category includes some functions, mainly relating to the Commission’s 
oversight capacity, which may not be delegated; examples include requiring a marketing 
board to submit meeting minutes, financial statements, or any other documents for review. 
The Commission may also choose to refrain from exercising functions in this category, or 
any others found in the Farm Products Marketing Act or the Milk Act, in relation to a 
specific marketing board (OMAFRA 2009b).  
The third category of functions involves activities directly associated with the 
marketing of a farm product; these functions may only be exercised by a marketing board, 
though the Commission must still authorize them to do so. These functions include 
operating a supply-management system via imposing production quota, and setting a price 




1.4.5 Provincial Marketing Boards and the Canadian Supply-
Management System for Poultry Products 
The Egg Farmers of Ontario (EFO), Turkey Farmers of Ontario (TFO), Chicken 
Farmers of Ontario (CFO), and Ontario Broiler Hatching Egg and Chick Commission 
(OBHECC) are the Ontario signatories of the federal-provincial-territorial agreements for 
supply-managed poultry products created under the Farm Product Agencies Act of Canada; 
these marketing boards are responsible for the implementation of these agreements within 
the province (OMAFRA 2009a). A major aspect of implementing these agreements 
involves allocating Ontario’s share of each poultry product’s national production quota, as 
determined by its national marketing plan, among the province’s quota-holding producers 
(OMAFRA 2009f).  
1.4.5.1 Industries Associated with the Ontario Commercial Poultry Industry 
Certain industries associated with poultry production are essential for the day-to-day 
functioning of quota-holding production sites; two associations which represent elements of 
these industries in Ontario are the Canadian Poultry and Egg Processors Council and the 
Ontario Agri-Business Association. 
1.4.5.2 The Canadian Poultry and Egg Processors Council 
The Canadian Poultry and Egg Processors Council (referred to as CPEPC) 
represents companies which together process over 90% of the chicken, turkey, table eggs 
and hatching eggs in Canada (CPEC 2009).  Representatives from the CPEPC are 
signatories to the federal-provincial-territorial agreements with three of the four poultry 
marketing agencies: the Egg Farmers of Canada, the Chicken Farmers of Canada, and the 




The CPEPC is divided into six sectors; data from member companies in Ontario and 
Quebec belonging to the primary chicken and primary poultry processing sectors, the egg 
grading sector and the Canadian Hatchery Federation sector was used, along with data from 
other companies involved in poultry and egg processing, to conduct the present zoning 
study.    
1.4.5.3 The Ontario Agri-Business Association and Member Feed Mills 
All feed mills which participated in the present study are members of the Ontario 
Agri-Business Association (also referred to as the OABA); the production capacity of 
participating members constitutes around 90% of the poultry feed production capacity in 
the province (R. Campbell, pers. comm.).  According to their website (OABA 2009), the 
OABA is a non-profit organisation incorporated in the province of Ontario. Membership in 
this organisation is voluntary, and members include people or businesses directly involved 
in the manufacture or sale of fertilizer or livestock feeds (including aquatic, poultry, or 
“specialty” feeds), or certain other feed-related businesses. Among the stated goals of the 
OABA is the undertaking of activities which promote the interests of the grain and feed 
industries in Ontario, including the best interests of consumers.   
The OABA website mentions important facts about member feed mills, including 
their general preference to specialize in feed for certain species, and to further specialize in 
juvenile or adult animals.  Implications of this tendency for the poultry industry include the 
fact that a given production site labeled “poultry feed” cannot be assumed to produce feed 
for turkeys, egg layers, and broiler chickens; additionally, many feed mills (but not all) 





1.5 The Ontario Commercial Poultry Industry and Poultry 
Marketing Boards 
1.5.1 Introduction to the commercial poultry industry in Ontario 
The following description of each type of regulated poultry product concentrates on 
the marketing board or boards associated with its production. Additionally, the role played 
by the four supporting industries which form the criteria for independent zones in the 
present study is explained.    
1.5.1.1 Broiler chicken production 
The poultry marketing boards which deal with the regulated products related to 
broiler chicken production are the Ontario Broiler Hatching Egg & Chick Commission 
(OBHECC) and the Chicken Farmers of Ontario (CFO).   
1.5.1.1.1 Ontario Broiler Hatching Egg & Chick Commission 
A major function of OBHECC is to allocate Ontario’s allotment of the national 
quota to the licensed producers in the province (NFPC 2009e). As is the norm for members 
of the Canadian Hatching Egg Producers national marketing agency, the total production 
cycle for OBHECC-associated production sites takes 58 weeks (CBHEMA 2009). There 
are two types of production sites associated with the OBHECC; these are sites for breeder 
pullets and sites for hatching egg layers.   
The breeder pullet production sites house birds aged from 1 day old to 20 weeks, at 
which point they are shipped to a hatching egg layer production site where they remain for 
38 weeks, until the end of the production cycle. All of the chicks placed on OBHECC 




to 4% is expected during this stage of production on OBHECC quota-holding breeder 
grower sites (R. Guy, pers. comm.). 
In many cases, birds are transferred from a breeder pullet site to a hatching egg 
layer site registered to the same individual quota-holder. Often, the two sites are actually 
the same farm location. However, some producers do not hold quota for both types of sites.  
The OBHECC marketing board does not currently record any links between quota-holders 
at the two types of sites (R. Guy, pers. comm.). The OBHECC licenses hatcheries to which 
associated quota-holders can ship hatching eggs, and establishes the standard contract 
between these hatcheries and hatching egg layer sites. In addition to a production quota, all 
hatching egg layer quota holders must have a contract with one of these licensed hatcheries 
before they may ship hatching eggs (OMAFRA 2009a). 
Within the hatching egg producer sites, there is generally a ratio of about 12 hens to 
1 rooster. Hens start laying about 6 weeks after being placed at a site, and have a laying 
cycle of about 32 weeks once they start laying. On average, each hen is assumed to produce 
150 hatching eggs during the production cycle (CBHEMA 2009).  The maximum mortality 
rate during this stage of production on each quota-holding site is expected to be about 3.5% 
(R. Guy, pers. comm.). 
At the end of the cycle, the average weight of birds is 3.4 kg. The production at 
OBHECC sites is not cyclical in nature. In general, 3 to 4 flocks are shipped to a poultry 
slaughter plant equipped to handle birds weighing 3.4 to 4 kg from the ensemble of quota-
holding hatching egg sites every week.  It should be noted that hatching egg producer sites 
will often have multiple barns, each housing flocks at a different stage in the 38 week 
production cycle. Therefore, even if a flock is shipped from a given production site, birds 
are frequently still present in a different barn on that same site, necessitating the continued 





1.5.1.1.2 Broiler Chick Hatcheries Licensed by OBHECC 
All hatcheries licensed by the OBHECC in Ontario are inspected by the Canadian 
Food Inspection Agency, as authorized under the Health of Animals Act. A list of these 
hatcheries is publicly available in the Poultry Marketplace section of the Agriculture and 
Agri-Food Canada website (Agriculture Canada 2009). All eggs produced by OBHECC 
quota-holding production sites are sold to these hatcheries at a price negotiated in advance 
by the OBHECC (OMAFRA 2009a); it is very rare and exceptional for eggs to be exported 
from OBHECC sites to other provinces or internationally.   
An individual hatchery license is provided by the OBHECC to a company or 
individual; therefore, this license frequently encompasses production sites at two different 
physical locations. Most, but not all, of these hatcheries deal exclusively in white rock 
chicks; some small hatcheries produce eggs of other poultry types (for example, table egg 
layer hens), or supply non-commercial small broiler operations with chicks (Agriculture 
Canada website 2009). The interactions of these hatcheries with types of poultry production 
not included in this study have implications for their acting as a potential bridge for the 
further dispersion of an infectious disease; this is further discussed in section 4.9. Quota-
holding producers associated with the Chicken Farmers of Ontario (CFO) are responsible 
for purchasing the chicks they require from a hatchery. Generally, the expected hatch rate 
of broiler chicken hatching eggs is 84% at OBHECC-licensed hatcheries (R. Guy, pers. 
comm.). 
In addition to eggs obtained from OBHECC production sites, there are two other 
notable sources of hatching eggs for broiler chick hatcheries in Ontario. By contract, 
17.43% of the broiler hatching eggs sent to hatcheries in Ontario for incubation come from 
the United States.  Some hatcheries receive a larger percentage of eggs from the USA than 
others; this percentage of eggs is a sum total over the whole province (R. Guy, pers. 
comm.). Therefore, in the event of a border closing, certain hatcheries are more susceptible 




million eggs, or day-old chicks, which are considered as the equivalent of broiler hatching 
eggs in this context, are sent to hatcheries in Ontario from Quebec each year.  Any hatching 
eggs shipped to Ontario from New Brunswick, Nova Scotia, or Prince Edward Island come 
through the province of Quebec.  
1.5.1.2 Chicken Farmers of Ontario 
Chicken Farmers of Ontario is responsible for allocating Ontario’s portion of the 
national quota to licensed quota-holding producers (NFPC 2009e). The CFO has a 
standardized production cycle of 8 weeks, which includes the down-time in between 
placements of day-old chicks (CFO 2008). The 8 week long production cycle is in place to 
accommodate the length of time necessary for broiler chickens to weigh 2 kg, including 
down-time between chick placements.  Each CFO production site aims to ship broilers to 
poultry slaughter plants when they fall within a certain weight range; generally, this weight 
range is maintained over multiple production cycles for an individual production site.  The 
vast majority of CFO quota-holding producers aim for a market weight of 2 kg (the range 
being 1.95-2.15 kg) (J. Neil, pers. comm.). 
Each CFO production cycle corresponds to an 8 week period within the calendar 
year; therefore producers who wish to ship broilers at a goal weight of appreciably less than 
or more than 2 kg will eventually be “off cycle.”  For example, broilers sent to slaughter 
plants weighing 1.6-1.7 kg will be shipped before the end of an 8 week cycle, and broilers 
shipped weighing between 2.45-4 kg (classified as mature chicken) will require a cycle of 9 
or 10 weeks, including down-time, before another placement of chicks.  Additionally, since 
there are 6.5 production cycles per year, sites which ship broilers to slaughter within the 2 
kg weight range will eventually be “off cycle” during the year (J. Neil, pers. comm.).  
Quota-holding members of the CFO are responsible for procuring the number of 
chicks they require from an OBHECC-licensed hatchery (OMAFRA 2009a). Production 




with the standard 8 week cycle. The quota allotted to each holder per production cycle is 
adjusted to allow for the fact that there is one or more cycle during the year for which they 
will not have any new chicks placed. It is important to note that production sites that do not 
place new day-old chicks may still have broilers on-site, and cannot be assumed to be 
empty. Therefore feed deliveries to these sites and the movement of other service providers 
to and from these sites cannot be assumed to be appreciably different from those of 
production sites which are “on cycle.” Also, the goal date for shipping broilers from CFO 
production sites to slaughter plants is dependent on the final goal weight of the broilers and 
when the last group of day-old chicks was placed, and not the end of the production cycle 
per se; therefore, poultry slaughter plants receive broilers from CFO sites regularly 
throughout the year (J. Neil, pers. comm.).    
CFO production sites receive chick placements from a given hatchery, and ship 
broiler chickens to a given slaughter plant, based on contracts which may be periodically 
renewed or cancelled.  Generally, the hatchery which supplies a given CFO production site 
and the slaughter plant that accepts broilers from that production site are stable over several 
production cycles.  It should be noted that some CFO production sites receive day-old 
chicks from hatcheries in Quebec, and some ship broilers to poultry slaughter plants located 
in Quebec; most production sites in this category are located in eastern Ontario. A small 
number of CFO-associated production sites obtain non-white rock stock from non-licensed 
small hatcheries; there are plans in place for the OBHECC to begin regulating these 
facilities (R. Guy, pers. comm.).     
1.5.2 Table Egg Production 
The poultry marketing board which deals with the table egg industry is the Egg 
Farmers of Ontario (EFO), representing quota-holding producers of layer hens for table 




role of egg grading stations, as all table eggs produced must be graded before they are sold 
or leave the province.  
1.5.2.1 Egg Farmers of Ontario 
There are two types of production sites in the EFO system, similar to the OBHECC: 
“pullets,” which are birds up to 19 weeks of age, who will become “layers.”  Birds are 
moved from the pullet barns to layer barns at 19 weeks of age, and begin laying between 
18-20 weeks of age, achieving peak production 5-6 weeks later. The EFO calculates 25.6 
dozen eggs will be laid per production cycle (19 to 60 weeks of age) for a given hen (CFIA 
2009b).  
1.5.2.2 Egg Grading Stations 
The Ontario Livestock and Livestock Products Act regulates the standards regarding 
the grading, sale, and health monitoring for whole eggs meant for human consumption. All 
eggs intended for sale must be graded at a federally inspected egg grading station within the 
province before sale. The law allows for an exception for a very small number of eggs for 
the “personal consumption” of the producer (OMAFRA 2009g). An egg grading station 
must apply to the CFIA to become federally registered. The CFIA is responsible for 
inspecting all federally registered egg grading stations (CFIA 2009b); in Ontario, the 
OMAFRA is responsible for this service, and the CFIA inspectors are appointed under the 




Chapter 2: Materials and Methods 
2.1 Introduction 
The present research work was designed to help with the zoning of a sub-national 
territory. Zoning can be considered only for territories that are free from disease; these 
territories must be able to show that they are free from disease through proper surveillance 
and biosecurity measures, as outlined in the OIE Terrestrial Animal Health Code (2008). 
The international agreements and OIE guidelines regarding zoning are explained in 
subsection 1.1.2 of the literature review. The present study does not tackle these issues but 
rather presumes that the necessary prerequisites to zoning are already achieved or can be 
achieved. The focus of the present study is a more commercial issue: can poultry 
production be maintained within a zone independently from the outside. 
The objective of the research is to propose a method to evaluate the potential of a 
zone for independent production within itself. A zone must then satisfy two criteria within 
the confines of this research. First, it must be a contiguous geographical territory within the 
national boundaries. Second, the within-zone poultry production must be sustained 
independently; that is to say, product movements must be strictly between the poultry 
related production premises that are within the zone.  
This is a feasibility study designed in two parts. First, a method will be proposed 
and described to evaluate the territory proposed as a zone in its capacity to support poultry 
production self sufficiently. Second, the proposed method will be applied to potential zones 
within Ontario as an illustration of the feasibility of the method. 
The proposed method will be based on two complementary criteria. One criterion is 
an evaluation of the self sufficiency of poultry production within the zone, or the 
independence of production criterion. The other is a validation of the zone as a contiguous 




In order to evaluate the independence of within-zone production, the products and 
services which are essential to maintaining production at supply-managed commercial 
poultry production sites in Ontario were identified, and the production sites which supply 
these essential products or services were included in the study. An analysis of the flow of 
products between groups of production sites was conducted to identify the products 
imported and exported from each type of site. All production sites were classed into groups 
for this analysis based on the products they imported and exported.  
After determining which products were imported and exported from each group of 
sites, the production capacity for each product was calculated at the sites included in each 
group. Qualitative and quantitative data pertaining to poultry industry production was 
provided by contacts at the supply-managed poultry industry marketing boards of Ontario, 
and was supplemented by data obtained from government and poultry industry sources in 
order to complete the calculations. The production capacity of each product at each 
individual production site was organized into an Excel database using Microsoft 2007 
Office Excel (Microsoft Corp. ©2006). 
In order to evaluate the contiguity of a zone’s territory, this database was merged 
with geospatial data on census subdivisions and census divisions obtained from Statistics 
Canada using ArcGIS® (ESRI™ v. 9.2 2006). The production capacity of each product 
was indicated in this merged database per census subdivision. This allowed us to obtain the 
production capacity of each product at the census subdivision level.  
The merged database was utilized to simulate potential zone borders which 
minimized the net production deficits and surpluses of each product in each zone. Zoning 
scenarios were accomplished by combining geographically contiguous census subdivisions 
into two zones, and subtracting the net within-zone import capacity of each product from 
the net export capacity. 
All scenarios were examined and the four which best met the zoning criteria are 




2.2 Definitions of terms and zoning criteria 
Precise definitions of “zone” and “commercial poultry” were created which 
respected the limits of the study data and the geographical area involved. The industries 
associated with supply-managed poultry production that provide the products and services 
necessary to fulfill the zone criterion of self-sufficiency were defined in relation to these 
two terms. A precise definition of the term “production site” was also created for this study. 
The definition of a “zone” for the purposes of this study was: a clearly defined 
contingent area of the territory found within the province of Ontario where all types of 
commercial poultry production can be maintained independently of other areas. This 
definition corresponds to the study question: Can a method be established to divide the 
supply-managed poultry production in Ontario into at least two independently functioning 
zones, in order to reduce production loss due to an outbreak of Highly Pathogenic Avian 
Influenza? 
The definition of “commercial poultry” for this study was: poultry raised under 
Canada’s supply management (quota) system and raised on a production site recognized by 
an Ontario poultry marketing board, or on a commercial turkey parent-line production site 
in Ontario. This includes the broiler chicken industry, the table egg industry, and the 
commercial turkey industry. There related sites essentially represent the whole of 
commercial poultry production for these species in the province. 
The marketing boards involved in the broiler chicken industry are the Ontario 
Broiler Chick & Hatching Egg Commission (OBHECC), whose quota-holding production 
sites produce broiler hatching eggs, and the Chicken Farmers of Ontario (CFO), whose sites 
produce broiler chickens. The quota-holding sites of the Egg Farmers of Ontario (EFO) 
represent the table egg industry, and the quota-holding sites of the Turkey Farmers of 




commercial parent-line turkey brood and breeder sites were provided by the TFO contact 
although those sites are not regulated by a marketing board.  
Consultations with industry contacts helped identify the products and services 
which are essential for a zone to fulfill the criterion of self-sufficient production. The 
production sites of four industries associated with supply-managed poultry production in 
Ontario were identified as providers of essential products and services; these four industries 
are feed mills, hatcheries, egg grading stations and abattoirs. 
The definition of “production site” for the study was: a set of latitude/longitude 
(lat/long) coordinates corresponding to a physical location where production associated 
with at least one category of commercial poultry, or with one of the four associated 
industries required in Ontario for independently functional zones, is carried out. This 
definition allowed a single set of lat/long geographical coordinates to be shared by more 
than one site. Three circumstances occurred where production associated with more than 
one stream of product movements was carried out at the same physical location, with each 
stream involving the importation and exportation of different products. This situation 
occurred at EFO egg layer hen production sites which had an on-site egg grading station; at 
chicken abattoirs with the capacity to process more than one weight category of chickens; 
and at chicken hatcheries that produced both broiler chicken and table egg layer hatching 
eggs.  
2.3 Product flow of poultry industry products 
The data available on product movements between individual sites was incomplete, 
and therefore an individual-level quantitative analysis of the units of each product imported 
to and exported from individual sites was not possible. Therefore, an analysis of the 





The schematics of the flow of products between groups of production sites, which 
are presented in subsections 2.3.1 to 2.3.4, serve to visualize the directed movements 
between groups. There were 2270 production sites included in the study. Production sites 
were classed into the same group if they imported and exported the same products. 
All production sites associated with the supply-management system for poultry 
products were classed into 11 groups. These groups were: OBHECC broiler chicken 
breeder pullet sites; OBHECC broiler chicken hatching egg producing sites; CFO broiler 
chicken sites in Weight Category 1; CFO broiler chicken sites in Weight Category 2; CFO 
broiler chicken sites in Weight Category 3; CFO broiler chicken sites in Weight Category 
4; EFO table egg layer pullet sites; EFO table egg layer sites; TFO commercial turkey sites; 
commercial turkey parent-line brood sites; and commercial turkey parent-line breeder sites.  
The production sites of the associated industries were subdivided based on the 
groups of quota-holding poultry production sites to which they could provide their services. 
Feed mill production sites were classed into five groups. There were 26 feed mill 
production sites included in the study. The 22 sites which could produce all types of poultry 
feed were classed into one group. The other four feed mills were each considered as a 
group because they were restricted in the types of poultry production sites to which they 
could deliver feed. Hatcheries were classed into three groups based on the type of poultry 
production sites to which they could supply chicks or poults. One group included the 14 
broiler chicken hatcheries, a second group included four table egg layer hatcheries, and a 
third group included the two commercial turkey hatcheries. The 73 egg grading stations 
included in the zoning study were all classed into one group because they all accepted 
imports of table eggs from EFO table egg layer sites. There were five groups of abattoirs. 
Chicken abattoir production sites were classed into four groups based on the four weight 
categories of broiler chicken produced at CFO sites. These chicken abattoir groups were: 
Weight Category 1 (1.6 kg - 1.95 kg); Weight Category 2 (1.951 - 2.45 kg); Weight 
Category 3 (2.451 - 3.2 kg); and Weight Category 4 (3.21 - 4 kg). The 5 turkey abattoirs 




2.3.1 Product Flow Analysis of the Ontario Poultry Industry 
Figure 2, entitled “Schematic of Directed Product Movements within the Ontario 
Commercial Poultry Industry,” depicts the directed movements of products between all 
groups of sites included in the study. Each node in the figure represents a group of 
production sites, and each link represents the directed movement of a product towards the 
importing group.  
A separate product flow analysis of the broiler chicken, table egg, and commercial 
turkey industries are found in subsections 2.3.2 to 2.3.4. Product movements in each 
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Each arrow indicates the directed movement of a product from the originating group towards all groups which 
import it. Two hatcheries in Quebec deliver day-old chicks to CFO production sites and egg layer pullets to 



















Figure 3 depicts the flow of products between groups of production sites involved in 
broiler chicken production, beginning with OBHECC broiler chicken breeder grower sites. 
Sites in this group export 20 week old breeders as a final product to OBHECC broiler 
chicken hatching egg sites. In turn, OBHECC hatching egg producing sites export two final 
products: broiler chicken hatching eggs, and spent breeders. The broiler hatching eggs are 
exported to broiler chicken hatcheries within the province of Ontario, and the spent 
breeders are exported to chicken abattoirs in Weight Category 4 (3.21 - 4 kg) at the end of 
the production cycle. All OBHECC production sites could accept feed deliveries from all 5 
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Each arrow indicates the directed movement of a product from the originating group towards all 
groups which import it. Chicken abattoirs in Weight Category 1 accept both CFO broilers and EFO 
spent layer hens, and two hatcheries in Quebec deliver day-old chicks to CFO production sites and 




groups of feed mills. OBHECC-associated hatcheries import broiler hatching eggs from 
OBHECC hatching egg producing sites. These hatcheries, along with broiler chicken 
hatcheries in Quebec, export day-old broiler chicks to CFO broiler chicken production sites. 
CFO broiler chicken production sites import these day-old chicks as well as feed from four 
feed mill groups. Once the broilers on a given CFO site reach their goal weight, they are 
shipped to an appropriate abattoir. Although all CFO broiler sites may import products 
from the same feed mills and hatcheries, they were subdivided based on their goal weight 
because broiler chicken are shipped to abattoirs based on their weight, and chicken in each 
weight category are considered a separate product.  












Figure 4. Schematic of Product Movements of the Table Egg Industry 
Figure 4 depicts the groups of production sites involved in table egg layer 
production, beginning with the table egg layer hatcheries. The table egg layer hatcheries 
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Each arrow indicates the directed movement of a product from the originating group towards the 
importing groups. Chicken abattoirs in Weight Category 1 accept both CFO broilers and EFO spent 
layer hens, and two hatcheries in Quebec deliver day-old chicks to CFO production sites and egg 
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export day-old pullets to EFO pullet sites. The EFO table egg pullet sites also import feed, 
and export 20 week old juvenile layer pullets as a final product to EFO table egg layer sites. 
In addition to the juvenile layers, the EFO table egg layer sites import feed and export two 
final products. Table eggs are exported to egg grading stations, and spent hens are exported 
to abattoirs in Weight Category 1 (1.6 - 1.95 kg) at the end of the production cycle. EFO 
pullet sites can import feed from three groups of feed mills, while EFO table egg layer sites 
can import feed from four groups of feed mills.  













Figure 5. Schematic of Product Movements of the Commercial Turkey Industry 
 
Figure 5 depicts the groups of production sites involved in turkey production. The 
commercial parent-line brood sites export male and female breeder turkeys to commercial 
parent-line breeding sites associated with the same producer. Commercial parent line 
Each arrow indicates the directed movement of a product from the originating group towards all 





breeding sites import these breeders and feed. They export two final products: commercial 
turkey eggs, which are shipped to commercial turkey hatcheries, and spent breeder turkeys, 
which are shipped to turkey abattoirs. Turkey hatcheries import turkey eggs and export 
commercial poults to TFO quota-holding commercial turkey production sites. TFO 
production sites import feed and poults, and export commercial turkeys to turkey abattoirs. 
Turkey production sites can import feed from two groups of feed mills. 
2.4 Description of data on Ontario Poultry Industry Production 
Sites 
A description of the relevant data about production sites involved in each of the 
three industries is found in sections 2.4.1 to 2.4.5. All data described in the subsequent 
sections were required for calculating the product deficits and surpluses. 
2.4.1 Data on quota-holding production sites 
Each of the four Ontario poultry marketing boards separately furnished information 
on the quota-holding production sites they oversee. The information contained in the 
databases provided by each board differed slightly, but all contained, at a minimum: 1) an 
identification number or name for each production site; 2) a set of lat/long coordinates 
corresponding to each production site, recorded with a handheld GPS using the WGS84 
datum; and 3) a measure of the production quota allowed at each site. This differed 
according to the marketing board. The quota at each commercial turkey site overseen by the 
TFO was listed as the number of turkeys per site per year, whereas at commercial broiler 
chicken sites the quota was provided in number of kilogrammes of chicken allowed over an 
eight week production cycle. Egg layer and layer pullet quota were listed as the number of 
layers or layer pullets allowed per year at each site. The broiler breeder database listed the 
quota allowed at each site over the broiler breeder production cycle (G. Morrison, J. Neil, 




Standardization of measure of production was necessary to facilitate calculations for 
zoning scenarios. Therefore, the production capacity of each product included in the 
database used for zoning attempts was calculated over an eight week period. A more 
detailed description of each database provided by the marketing boards and of the 
calculations on each type of production site is found in Annex A. 
The OBHECC broiler breeder marketing board provided separate databases on their 
quota-holding breeder pullet sites and their hatching egg producing sites. This included 77 
OBHECC broiler breeder pullet sites and 144 OBHECC hatching egg producing sites. In 
addition to the identifier, lat/long coordinates and production quota, data provided by the 
OBHECC contact included: the average weight (3.4 kg) of broiler breeder hens when 
shipped to abattoirs, the length of the production cycle for broiler breeder pullets and 
broiler breeder hens, the age of broiler breeder pullets, (20 weeks) when shipped to 
hatching egg producing sites, feed charts for estimated consumption at both stages of 
production, the estimated mortality at each type of site, the average number of eggs laid per 
broiler breeder hen (150 eggs), and the hatch rate of 84% for broiler chicken eggs. These 
estimates were expected norms for OBHECC quota-holding sites (R. Guy, pers. comm.). 
They were used to calculate the import requirement of feed at all sites, the export capacity 
of day-old chicks at OBHECC breeder pullet sites, the import requirement of OBHECC 
breeder chicks at OBHECC  hatching egg producing sites, and the export capacity of 
broiler hatching eggs and spent hens from OBHECC hatching egg sites.  
The CFO broiler chicken marketing board provided a complete dataset on 1157 
quota-holding production sites. This database represented an actual eight week production 
cycle. In addition to an identifier, lat/long coordinates and quota, the database contained the 
goal weight of broiler chickens to be shipped from each site. The database also included the 
name of the hatchery and abattoir used by each site, the number of day-old chicks shipped 
to each site, and the number of kilogrammes of broiler chicken shipped from production 
sites synchronized with the production cycle. Additional data provided by the CFO 




abattoirs which are described in sections 2.4.3 and 2.4.5 respectively. Calculations for the 
estimated feed intake, the import requirement of day-old broiler chicks, and the estimated 
number of kilogrammes of broiler chicken to be shipped were completed for each CFO 
quota-holding production site.   
The EFO table egg layer marketing board provided a complete dataset on 124 table 
egg pullet sites, and 323 table egg layer sites. The dataset contained an identifier, lat/long 
coordinates, and the yearly quota at each site. Additional data provided by the board 
included the name of each quota-holder, the expected mortality for pullet and egg layer 
sites during a production cycle, the average number of dozens of eggs laid per layer hen 
(25.6 dozens over the production cycle), the age of pullets when shipped to egg layer sites 
(19 weeks), the estimated feed consumption for adult egg layers (100 grammes per day), 
the feed consumption chart for pullets, the length of the layer production cycle, the weight 
of spent egg layer hens when shipped to an abattoir (1.6 kilogrammes), and the name of the 
abattoir and the number of spent hens shipped there from EFO egg layer sites every week. 
The EFO contact also provided additional data pertaining to egg grading stations and table 
egg layer hatcheries which are described in sections 2.4.3 and 2.4.4. Calculations were 
completed at EFO pullet sites for the estimated feed intake, the number of day-old pullets 
exported from hatcheries to EFO pullet sites, and the number of pullets shipped from EFO 
pullet to EFO egg layer sites. Calculations were completed at each EFO egg layer site for 
the feed intake, the number of dozens of table eggs produced, and the number of spent 
laying hens, in kilogrammes, exported at the end of the production cycle to Weight 
Category 1 abattoirs.   
The TFO commercial turkey marketing board provided a complete dataset on 50 
parent-line turkey brood and breeder production sites, and 221 TFO commercial turkey 
production sites. In addition to an identifier, lat/long coordinates and quota, the database of 
TFO sites included the weight class of commercial turkeys produced at each site. Parent-
line sites refer to the production sites which produce commercial turkey hatching eggs. 




eggs necessary to cover demand by commercial turkey production sites in Ontario; each has 
a turkey hatchery associated with it. These two companies are vertically integrated, 
meaning all shipments of hatching eggs or turkeys are sent to sites within the same 
company.  
Additional data provided by the TFO included: the mortality at parent-line breeder 
sites and commercial sites, the feed conversion ratio for commercial turkey broilers, hens, 
and toms (males), the average weight of both male and female broiler (5.25 kg) and hen 
turkeys (7.34 kg), as well as commercial tom (14.11 kg) turkeys at the end of the 
production cycle, the average weight of breeders (15 kg for breeder hens, 23 kg for breeder 
toms), the name of the abattoirs which slaughter turkeys and the average number of turkeys 
shipped from parent-line sites to those abattoirs, the average number of eggs laid per 
parent-line hen (110 eggs), the hatch rate of commercial turkey eggs (80%), feed charts for 
parent line and commercial turkeys, and additional data pertaining to feed mills, hatcheries, 
and abattoirs which are described in sections 2.4.2, 2.4.3 and 2.4.5. Calculations for feed 
intake, the number of female and male parent-line poults required at commercial parent-line 
breeder sites, the number of turkey hatching eggs shipped from turkey parent-line breeder 
sites to commercial turkey hatcheries, and the number of poults shipped from commercial 
turkey hatcheries to commercial turkey production sites were completed at turkey 
production sites.  
2.4.2 Description of feed mill data  
There were 26 feed mill production sites included in the study. Twenty-two of the 
26 feed mills produced feed for all types of poultry included in the study. The other four 
feed mill sites had different limitations on the types of poultry feed they could produce. 
One of these four feed mills could only supply broiler chicken and broiler breeder 
production sites, meaning it could only ship feed to quota-holding OBHECC and CFO 
sites. A second mill only produced chicken feed, and therefore could ship to all chicken but 




therefore could only ship feed to OBHECC and EFO quota-holding sites. Finally, the fourth 
feed mill could not supply layer hen sites, and therefore could ship feed to OBHECC and 
CFO quota-holding sites, as well as all turkey sites, but only produced feed for EFO pullet 
production sites.  
The poultry marketing boards had limited data about the location of feed mills and 
no information regarding shipments of feed from feed mill production sites to individual 
poultry production sites. The marketing board representatives suggested that information 
about feed mills would likely be available from the Ontario Agri-Business Association 
(OABA); a description of this organization is found in section 1.4.5.3 of the literature 
review. A representative of the OABA was contacted and agreed to assist in obtaining data. 
Due to privacy considerations for its members, initial contact with member feed mills was 
made via this representative.   
To obtain data about feed mills, an information packet about the zoning study, 
including a survey, was prepared for OABA members which produced poultry feed. The 
documents included in this packet are found in Annex B. The survey was created with input 
from the OABA representative and asked about the types of poultry feed and the 
sustainable production capacity of feed, in metric tonnes per day, which could be produced 
over a four month time frame. Because the OABA contact indicated that several member 
companies had multiple feed mill sites, survey respondents were asked to indicate the legal 
address of each physical location which produced poultry feed associated with their 
company. Each location with a different legal address was considered a separate production 
site for the purpose of the zoning study, regardless of its company association. 
The OABA representative sent the information packet to the appropriate member 
companies and was updated on the responses in order to ensure that all companies with a 
large production capacity for poultry feed provided the requested data. Completed surveys 
were received via fax or mail from 15 member companies. Of those, 14 produced poultry 




represented around 90% of the production capacity for poultry feed in Ontario according to 
the OABA contact (R. Campbell, pers. comm.). As surveys were received, the respondent 
from each company was contacted to verify the information provided. Each respondent was 
asked to verify the legal address reported for each site, and the capacity of feed in metric 
tonnes per day. The verification questions are fully explained in Annex B. To obtain the 
production capacity of feed produced at each site over an eight week period, the number of 
tonnes per day at each site was multiplied by 56 days. Indeed, under an emergency 
situation, it is assumed that mills could be operational also during weekends. 
As a first step in obtaining the lat/long coordinates for the feed mills, the complete 
street addresses of all 26 sites were geocoded using the software program GeoPinpoint for 
desktop, software version 6.4 (DMTI™ v.2007.3), producing a set of lat/long coordinates 
corresponding to each address. A list of lat/long coordinates of feed mills which produce 
turkey feed was provided by the TFO; however, the list of coordinates did not include the 
names of the mills to which they corresponded. After the 26 sites were geocoded, an 
attempt was made to match the coordinates with those on the list provided by the TFO.  
Of the 26 feed mill production sites, 18 matches were made and verified to be 
correct by the TFO contact person. To insure the highest level of precision and accuracy 
possible, the lat/long coordinates for the 18 sites provided by the TFO were those used for 
the zoning database because they were collected by hand on-site, as is described in Annex 
A. The lat/long coordinates obtained using GeoPinpoint were used for the remaining eight 
feed mill sites. These geocoded coordinates were inspected for accuracy relative to their 
verified street addresses within Ontario using the software program ArcGIS® (ESRI™ v. 
9.2 2006). This was done by superimposing the coordinates obtained using GeoPinpoint on 
the delineated census subdivision boundaries of Ontario, to ensure that the location 
indicated by the coordinates was found in the census subdivision indicated in the street 




2.4.3 Description of hatchery data 
There were 14 broiler chicken hatcheries included in the zoning study. The CFO 
database of quota-holding production sites listed the name of the hatchery used by each 
production site and the number of chicks provided to each site which received chicks 
during the production cycle. A database provided by the OBHECC contained the lat/long 
coordinates of these hatcheries but their names were not provided. The OBHECC contact 
indicated that OBHECC-associated hatching egg sites sent broiler hatching eggs to the nine 
OBHECC-associated hatcheries in Ontario. Five hatcheries in Quebec also sent day-old 
broiler chicks to CFO sites, according to the CFO database. 
To match the coordinates provided in the OBHECC with the appropriate hatchery, 
first a list of the names of hatcheries used by the CFO production sites was compiled from 
the CFO database. Their physical addresses were obtained from the Poultry Marketplace 
section of the Agriculture Canada website and were confirmed as current by a federal 
employee of the CFIA. Next, these addresses were geocoded using GeoPinpoint version 6.4 
(DMTI™ v.2007.3). The lat/long coordinates obtained using this program were matched to 
the coordinates provided by the OBHECC. These coordinates matched almost exactly in 
the case of 12 hatcheries. Two hatcheries from the OBHECC database could not be paired 
with a set of coordinates generated by GeoPinpoint. To match the coordinates for these two 
hatcheries and the coordinates for the five hatcheries located in Quebec with the 
coordinates provided in the OBHECC database, they were inspected for accuracy relative 
to their verified street addresses  using the software program ArcGIS® (ESRI™ v. 9.2 
2006). This was done by superimposing the coordinates obtained using GeoPinpoint on the 
delineated census subdivision boundaries as is described in section 2.4.2.       
The production capacity of day-old broiler chicks produced per year at the seven 
largest OBHECC-associated hatcheries was provided by the OBHECC contact (R. Guy, 
pers. comm.). This number was divided by 6.5 to arrive at the number of chicks shipped 




shipped from each of the seven remaining hatcheries to CFO sites, including those located 
in Quebec, was obtained from the CFO database.  
There were four table egg hatcheries included in the study. A contact at the EFO 
confirmed the names of these four hatcheries. Two were located in Ontario; all EFO-
associated layer sites obtained chicks from these two hatcheries (P. Bolton, pers. comm.). 
These hatcheries each obtained a fixed number of day-old egg layer pullets from two large 
hatcheries in Quebec (i.e., birds hatched in Quebec and transiting in an Ontario hatchery on 
their way to a EFO site) . Since these two hatcheries in Quebec also shipped broiler chicks 
directly to certain CFO-associated sites, their lat/long coordinates were obtained from the 
OBHECC database of hatcheries. Addresses of the two table egg layer hatcheries in Ontario 
were obtained from the Poultry Marketplace section of the Agriculture Canada website and 
confirmed with the EFO contact (P. Bolton, pers. comm.). The addresses were geocoded 
using GeoPinpoint and inspected for accuracy using ArcGIS in the manner described in 
section 2.4.2. Because the two hatcheries in Quebec delivered layer pullets and broiler 
pullets, they were considered to be four production sites in the zoning database. In other 
words, each hatchery was assigned one identifier as a broiler hatchery, and another 
identifier as an egg layer hatchery, and the same lat/long coordinates were used for both. 
The following procedure was used to obtain the number of pullets shipped from egg layer 
hatcheries to EFO pullet sites. The number of egg layer hatching eggs per year produced at 
each hatchery in Ontario, as well as the number of eggs shipped from hatcheries in Quebec, 
was provided by the EFO contact. This number was divided by 6.5 to obtain the estimated 
number of eggs produced every eight weeks. This number was adjusted to account for the 
hatch rate of egg layer hatching eggs, 80%, which was obtained from an EFO contact (M. 
Beaven, pers. comm.), to arrive at the estimated number of pullets available to be shipped 
to EFO pullet sites. 
There were two large commercial turkey hatcheries in Ontario. All TFO-associated 




comm.), each of which was associated with one of two large turkey producers in the 
province. The lat/long coordinates of these hatcheries were provided by the TFO contact. 
Each of these hatcheries received eggs from the parent-line hen sites within its 
network; parent-line breeder hens were assumed to lay 110 eggs during a production cycle, 
according to performance data confirmed by the TFO contact (G. Morrison, pers. comm.).  
To obtain the production capacity estimate for a commercial turkey hatchery, the number of 
hens at each breeder site associated with the hatchery was multiplied by 110. This number 
was divided by 6.5 to obtain the estimated number of eggs shipped to the hatchery over an 
eight week cycle. To estimate the number of day-old poults available from each hatchery 
for shipment to TFO commercial sites every eight weeks, the number of hatching eggs was 
multiplied by the assumed hatch rate of 0.8. A hatch rate of 80% was cited in the expected 
performance data obtained from the TFO contact (G. Morrison, pers. comm.). This rate was 
consistent with information available on the websites of the two most important primary 
breeding companies, Hybrid and Nicholas (now Aviagen Turkeys), as accessed on their 
websites in 2009 (Hybrid Turkeys, 2009; Aviagen Turkeys, 2009).  
2.4.4 Description of egg grading station data 
There were 73 egg grading stations included in the zoning database. Calculations of 
the production capacity and determining the set of lat/long coordinates associated with each 
of these sites required several steps. A contact person at the EFO was able to provide a 
limited amount of data on the production capacity and lat/long coordinates of some grading 
stations. However, grading stations are not regulated by a poultry marketing board, and the 
EFO does not always have up-to-date information on all grading stations for this reason (P. 
Bolton, pers. comm.). A brief description of the regulations surrounding egg grading 
stations is found in section 1.5.2 of the literature review. 
Since all egg grading stations are federally inspected, a complete list of stations and 




To begin the process of obtaining the production capacity and lat/long coordinates of egg 
grading stations, this list was forwarded to the EFO contact person, who confirmed the 
active stations from this list, and added the addresses of a few new sites, thus completing 
the list of grading stations used in the zoning database.  
Estimates for the production capacity of grading stations were based on the 
estimated number of eggs produced at EFO layer hen production sites; a detailed 
description is found in Annex A. To summarize briefly, since table eggs may not be sold or 
shipped out of the province before being graded, the assumption was made that the total 
egg grading station capacity was roughly equal to the total production of table eggs at EFO 
layer hen production sites. When consulted, EFO contacts agreed with this assumption (P. 
Bolton, pers. comm.). Therefore, the first step of estimating the production capacity at egg 
grading stations was estimating the total capacity of table eggs produced at EFO layer hen 
sites. Each layer hen is expected to lay 25.6 dozen eggs during the production cycle (P. 
Bolton, pers. comm., CFIA 2009b). The number of layer hens on each quota-holding EFO 
production site per year was part of the initial data provided by the EFO. The estimated 
number of table eggs laid per hen was multiplied by the number of layer hens allowed at 
each EFO layer hen production site to obtain the estimated number of table eggs produced 
by all EFO layer hen sites per year.  
The estimated grading capacity for 36 of the 73 grading stations was provided by a 
contact person in the EFO (P. Bolton, pers. comm.). These estimations were reported in two 
different units. The method used for standardizing these units is described in Annex A. 
Once the capacity for these stations was standardized it was adjusted to reflect the 
production in number of dozens of eggs per eight weeks. 
The estimated capacity of the remaining stations was obtained by subtracting the 
known grading capacity of the 36 stations from the estimated total production of table eggs 
at EFO layer hen sites. As no information on the individual grading capacity of these 37 




37 to obtain an estimate of the grading capacity over eight weeks at each individual station. 
Although this method may have underestimated the grading capacity of certain stations and 
over-estimated the capacity of others the decision was made to include those stations in the 
zoning study. The lat/long coordinates of the 73 grading stations were obtained from two 
sources. Twenty-two grading stations were located on EFO quota-holding layer hen sites 
(P. Bolton, pers. comm.), and the lat/long coordinates of these EFO table egg layer sites 
were used as the coordinates for these 22 stations. As previously stated, the study definition 
of “production site” takes this shared set of lat/long coordinates into account. Legal 
addresses were obtained for the remaining 51 grading stations from the Agriculture Canada 
Poultry Marketplace website (2009) or the EFO contact person, in the case of some new 
stations. The legal addresses of the grading stations were entered into GeoPinpoint and 
geocoded using the process identical to that used to obtain feed mill lat/long coordinates. 
The geocoded coordinates were examined for accuracy using the same method as the feed 
mill coordinates and other sites using ArcGIS® (ESRI™ v. 9.2 2006). 
2.4.5 Description of abattoir production site data 
There were a total of 35 abattoirs included in the CFO database, six of which were 
located in Quebec. The nine original weight categories indicated in the CFO database were 
regrouped into four new categories following the process described in Annex A before 
further calculations. It was evident from the size of broiler chickens shipped from CFO 
sites to each abattoir that the abattoirs only accepted chicken within a certain weight range. 
For example, if a given abattoir could accept birds within the 1.6 - 1.77 kilogramme range 
it had the capacity to process birds weighing up to 1.95 kilogrammes, but could not 
necessarily process larger birds. This weight represented the lower limit for many abattoirs 
that processed only birds within the weight range of 1.95 - 2.15 kilogrammes or larger. The 
delineation in the weight range accepted by certain abattoirs also occurred at the goal 
weight range of 2.45 - 3.2 kilogrammes, and for chickens weighing more than 3.2 kg. 




practical limits of the size of birds that a given site could accept (R. Guy, J. Neil, pers. 
comm.). These four weight categories are as follows: Category 1 = 1.6 - 1.95 kg, Category 
2 = 1.951 - 2.45 kg, Category 3 = 2.451 - 3.2 kg, and Category 4 = 3.21 - 4 kg. 
Of the 35 chicken abattoir locations included in the study, 21 only processed 
chickens in one weight category. The other 14 locations processed chickens in at least two 
weight categories. For the purpose of the study, these locations were considered to be 
multiple production sites which shared a set of lat/long coordinates. The number of abattoir 
production sites in each weight category included in the zoning database was as follows: 11 
abattoirs for Category 1, 22 abattoirs for Category 2, nine abattoirs for Category 3, and 13 
abattoirs for Category 4.  
A separate database provided by the CFO contained the name, latitude/longitude 
coordinates, type of processing plant (primary, custom kill, etc) and the type of inspection 
(federal or provincial) of 23 abattoirs utilized by CFO-associated production sites. 
Coordinates for six abattoirs were obtained from a database of provincial and custom kill 
abattoirs provided by the TFO. To obtain lat/long coordinates for the remaining six 
abattoirs, first the physical addresses of three which were federally inspected were obtained 
from the list found in the Poultry Marketplace section of the Agriculture Canada website, 
and were confirmed by an employee of the Canadian Food Inspection Agency familiar with 
the poultry processing industry.  Addresses of the three provincially inspected abattoirs 
were found via the website of the Ontario Ministry of Agriculture, Food and Rural Affairs 
(OMAFRA 2009) and confirmed by an employee of the OMAFRA. These addresses were 
geocoded using GeoPinpoint version 6.4 (DMTI™ v.2007.3) and checked for accuracy 
using ArcGIS® (ESRI™ v. 9.2 2006) utilizing the same procedure as was used to geocode 
the feed mills and other types of sites, described in section 2.4.2. The verified coordinates 
were then associated with the appropriate abattoir sites. 
Production capacity information was obtained from the CFO database in several 




calculated for each abattoir; this number was assumed to approximate each abattoir’s 
capacity to process chickens in each weight category over the eight week production cycle. 
When consulted, industry contacts stated that this assumption was sound (R. Guy and J. 
Neil, pers. comm.). Next, the estimates for birds shipped from OBHECC and EFO laying 
sites were added to the capacity at the abattoir which accepted almost all shipments from 
those sites, according to contacts at the two marketing boards (R. Guy and P. Bolton, pers. 
comm.).  
The procedure used to determine the OBHECC production capacity for spent broiler 
breeder hens was discussed with the OBHECC contact. The average size of a broiler 
breeder hen at the end of the production cycle was 3.4 kg, meaning all birds shipped from 
OBHECC sites were processed by Category 4 abattoirs. Three to four flocks were regularly 
shipped each week. The first step to arrive at the actual number of kilogrammes shipped 
from OBHECC sites every eight weeks was to calculate the median number of birds in 
OBHECC broiler breeder hen flocks. The median was used for further calculations because 
the shipment schedule from individual sites was not known, and this number controlled for 
flock size variations. The median number of birds in a flock was multiplied by 3.4 
kilogrammes to arrive at the median number of kilogrammes shipped per flock per week. 
Multiplying this number by 4 yielded the median number of kilogrammes shipped per week 
by OBHECC broiler breeder hen sites. This number was multiplied by eight to determine 
the capacity of kilogrammes produced over eight weeks and added to the production 
capacity of the Category 4 abattoir which receives almost all of the OBHECC shipments.  
Spent hens from the EFO system weighed less than 2 kilogrammes at the end of the 
production cycle, and were therefore processed by abattoirs in Category 1.  According to a 
contact within the EFO, a known number of kilogrammes are sent to a specific abattoir 
every week (M. Beaven, pers. comm.). Multiplying this number by eight provided the 
estimated production capacity for EFO farms over eight weeks. This was added to the 




A database provided by the TFO contained the lat/long coordinates of several 
abattoirs capable of processing turkeys, including large federally inspected sites as well as 
provincial and small custom kill sites. The decision was made to include five of the turkey 
abattoirs on the list in the zoning study. The five abattoirs included in the poultry industry 
database were estimated to represent over 90% of the commercial turkey processing in 
Ontario by the TFO contact (G. Morrison, pers. comm.). When consulted about the 
production capacity at these abattoirs, the TFO contact stated that the custom kill sites did 
not constitute a significant capacity for turkey processing. Additionally, in an emergency 
situation, the TFO commercial turkey sites would likely only ship to large abattoirs 
associated exclusively with turkey production (G. Morrison, pers. comm.). The total 
number of kilogrammes of turkey to be shipped to abattoirs every eight weeks was assumed 
to equal the approximate production capacity at turkey abattoirs. The TFO contact stated 
that this was a reasonable approximation, because it was assumed to be close to the 
optimum operating capacity of the abattoirs (G. Morrison, pers. comm.). 
The first step in determining the production capacity of turkey abattoirs was 
calculating the estimated number of kilogrammes shipped from each TFO commercial site. 
The average size of broiler, hen and tom turkeys was obtained from the TFO website 
(2009). This number was multiplied by the number of turkeys allowed at each site 
according to the TFO database of commercial sites. If two or three sizes of turkeys were 
produced at the same site, it was assumed that the number of turkeys of each size was 
evenly divided. The estimated mortality at commercial sites, according to TFO 
performance data, was taken into account when performing these calculations, as was the 
effect of seasonality in turkey production. Next, the estimated number of kilogrammes 
shipped from parent-line sites was calculated, taking into account the expected mortality 
proportion and size of turkey breeder hens and toms (Hybrid 2009). These numbers were 
added to the number of kilogrammes from commercial turkey sites shipped to each turkey 
abattoir to arrive at the net production of turkeys to be slaughtered. The TFO contact 




total number of kilogrammes was divided according to these estimates to arrive at the 
production capacity at each turkey abattoir. 
2.5 Description of poultry industry database 
The poultry industry data was organized into a database spreadsheet using Microsoft 
2007 Office Excel (Microsoft Corp. ©2006). There were 40 columns of data in the 
completed database representing products imported or exported by a group of production 
sites. These product movements were determined from the results of the product flow 
schematics presented in section 2.3. These products, their group of origin or destination, 
and the unit of measurement are listed in Table I, entitled “Broiler chicken and table egg 
industry products included in the zoning database,” and Table II, entitled “Commercial 
turkey industry products included in the zoning database.” 
The estimated production capacity for each product listed in Tables I and II were 
indicated for each of the 2270 individual sites included in the poultry industry database 
before the database was merged with geospatial data from Quebec and Ontario. The poultry 
industry database was merged with the geospatial data from Ontario and Quebec in 
multiple steps using the software program ArcGIS® (ESRI™ v. 9.2 2006). 
The first step in merging the two databases was converting the poultry industry 
database from a Microsoft 2007 Office Excel spreadsheet (Microsoft Corp. ©2006) to a 
.DBF file format to make it compatible with the GIS software used. This .DBF file was 
imported into ArcCatalog (ESRI™ v. 9.2 2006) as an XY feature class table. This table was 
then saved as a shapefile with the geographic coordinate system datum WGS 84.  
This shapefile consisted of point data. Each point was associated with the unique 
identifier and the lat/long coordinates assigned to an individual production site. The 





Table I. Broiler chicken and table egg industry products included in the zoning database 
 
 
Each line in the table represents a column of poultry industry data in the zoning database; each indicates a product imported or exported 
from a group of production sites, as seen in the flow analysis.  Database symbol: column heading in zoning database; Unit of Measure: 
unit of measurement of production capacity; Product/ Direction of movement: Indicates the product, and whether it is an import or export 
requirement; Group of origin/ destintation: indicates the importing group if the product is an input requirement and the exporting group if 
the product is exported. For example, the first line lists BF_BB. This column in the zoning database represented the number of metric 
tonnes of poultry feed which OBHECC breeder grower and hatching egg producer sites must import. 
Database 
Symbol Unit of Measure Product and direction of movement Group of origin/ destination 
BF_BB Metric Tonnes Import requirement for feed at OBHECC sites OBHECC all sites 
BF_CFO Metric Tonnes Import requirement for feed at CFO sites CFO sites 
BF_EP Metric Tonnes Import requirement for feed at EFO pullet sites EFO pullet sites 
BF_EL Metric Tonnes Import requirement for feed at EFO layer sites EFO layer sites 
BF_T Metric Tonnes Import requirement for feed at all turkey sites TFO & parent line sites 
PF_A Metric Tonnes Export capacity of feed for all poultry sites Feed mills- all types of sites 
PF_NTE Metric Tonnes Export capacity of feed; restricted to OBHECC & CFO sites 
Feed mill Group 2:  
Only to OBHECC & CFO sites 
PF_NT Metric Tonnes Export capacity of feed; restricted to broiler breeder, broiler, and egg layer sites 
Feed Mill Group 3:  
Only OBHECC, CFO, EFO sites 
PF_NTBC Metric Tonnes Export capacity of feed for OBHECC & EFO sites  Feed Mill Group 4:  Only to OBHECC & EFO sites 
PF_NEL Metric Tonnes Export capacity of feed for all sites except EFO pullets Feed Mill Group 5:  all sites except EFO pullets 
BL_BB Number of birds Import requirement for broiler breeders OBHECC hatch egg prod. sites  
PL_BB Number of birds Export production capacity of broiler breeders OBHECC breeder grower sites 
BOUF_CFO Thousands of eggs Import requirement for broiler hatching eggs OBHECC-associated hatcheries 
POUF_CFO Thousands of eggs Export production capacity of broiler hatching eggs OBHECC hatch egg prod. sites 
BP_CFO Number of birds Import requirement for broiler chicks All CFO broiler chicken sites 
PP_CFO Number of birds Export production capacity of broiler chicks Broiler chicken hatcheries 
BP_EFO Number of birds Import requirement for egg layer pullets EFO egg layer pullet sites 
PP_EFO Number of birds Export production capacity of egg layer pullets Egg layer hatcheries 
BL_EFO Number of birds Input requirement for juvenile egg layers EFO layer hen sites 
PL_EFO Number of birds Export production capacity of juvenile egg layers EFO layer pullet sites 
B_ECS Thousands of dozens Import capacity for table eggs Egg grading stations 
PECS Thousands of dozens Export production capacity of table eggs EFO layer hen sites 
B_CA1 Metric Tonnes Import capacity of chicken in weight cat. 1 Chicken Abattoirs Cat. 1 
P_CA1 Metric Tonnes Export capacity of chicken to abattoirs in wt. cat. 1 CFO Wt. Cat. 1 & EFO layers 
B_CA2 Metric Tonnes Import capacity for chicken in wt. cat. 2 Chicken Abattoirs Cat. 2 
P_CA2 Metric Tonnes Export capacity of chicken to abattoirs in wt. cat. 2 CFO Wt. Cat. 2 sites 
B_CA3 Metric Tonnes Import capacity for chicken in wt. cat. 3 Chicken Abattoirs Cat. 3 
P_CA3 Metric Tonnes Export capacity of chicken to abattoirs in wt. cat. 3 CFO Wt. Cat. 3 sites 
B_CA4 Metric Tonnes Import capacity for chicken in wt. cat. 4 Chicken Abattoirs Cat. 4 




Table II. Commercial turkey industry products included in the zoning database 
 
 
Each line in the table represents a column of poultry industry data in the zoning database; each indicates a product imported or  
exported from a group of production sites, as seen in the flow analysis.  Database symbol: column heading in zoning database; Unit of 
Measure: unit of measurement of production capacity; Product/ Direction of movement: Indicates the product, and whether it is an import 
or export requirement; Group of origin/ destintation: indicates the importing group if the product is an input requirement and the 
exporting group if the product is exported. For example, the first line lists BT_OUF. This column in the zoning database represented the 
number of eggs which turkey hatchery sites must import.  
 
2.6. Joining geospatial data with the poultry industry database 
Merging the poultry industry point data shapefile with geospatial data from 
Statistics Canada served two purposes. First, it allowed for the contiguity of a zone to be 
evaluated. Once a contiguous area was selected, the merged database permitted the net 
production capacity of each product within the selected area to be calculated.    
Geospatial data for the zoning study was obtained from the Statistics Canada 
(StatsCan) 2006 Census of Population and Dwellings (StatsCan 2006a). The digital 
boundary file of census subdivisions in Canada was found on the corresponding Statistics 
Canada website (StatsCan 2006a), and was downloaded and imported into ArcCatalog 
(ESRI™ v. 9.2 2006) as a polygon shapefile. This shapefile was assigned the geographic 
coordinate system datum NAD83 (StatsCan 2006b). The census subdivision information 
from Ontario and Quebec was then selected out and saved in ArcCatalog as another 
shapefile using the same datum; this was done to reduce the size of the shapefile to increase 
Database 
Symbol Unit of Measure Product and direction of movement Group of origin/ destination 
BT_OUF Number of eggs Input requirement for turkey eggs Turkey hatcheries 
PT_OUF Number of eggs Export capacity of turkey eggs Turkey parent breeder sites 
B_DINDON Number of birds Input requirement for commercial poults TFO commercial turkey sites 
P_DINDON Number of birds Output production capacity of commercial poults Turkey hatcheries 
B_TA Metric Tonnes Import capacity for kg turkey Turkey abattoirs 
P_TA Metric Tonnes Export capacity of kg turkey TFO & turkey parent line sites 
BP_MTB Number of birds Input requirement for male poults Turkey parent breeder sites 
PP_MTB Number of birds Export capacity of male poults  Turkey parent brood sites 
BP_FTB Number of birds Input requirement for female poults Turkey parent breeder sites 




the ease of loading and utilization. In contrast to the poultry industry point data shapefile, 
this shapefile consisted of polygons which designated the boundaries of the census 
subdivisions.   
In this polygon shapefile, each census subdivision was represented by a unique 
identification number. The data columns in the shapefile listed other identifying attributes 
associated with each census subdivision including: its name and type, the name and digital 
number of the province and economic region in which it was found, and the name, digital 
number, and type of census division in which it was found. The name and digital number of 
the census metropolitan area was also listed as an attribute of each census subdivision 
(StatsCan 2006a). 
2.6.1 Redefining shapefiles to a projected coordinate system 
Before importing the two shapefiles into ArcMap (ESRI™ v. 9.2 2006), their 
coordinate systems were redefined from a geographic to a projected system to allow 
distances between two points to be measured in ArcMap (ESRI™ v. 9.2 2006). The 
ArcCatalog “project” tool, which is found under the “data management tools” option, sub-
option “projections and transformations,” was used to redefine the two shapefiles to the 
Canada Lambert Conformal Conic projected coordinate system. As part of this redefinition, 
the geographic system of the poultry industry point data shapefile was transformed from the 
WGS84 to the NAD83 datum in order to synchronize the geographic datums of the two 
shapefiles.  
2.6.2 Importing and merging the two shapefiles in ArcMap 
After redefining the two shapefiles to the same projected coordinate system, they 
were exported from ArcCatalog into ArcMap (ESRI™ v. 9.2 2006). The polygon 
information in the shapefile was then merged with the poultry industry point data shapefile. 




file was then converted to a Microsoft Office 2007 Excel spreadsheet (Microsoft Corp. 
2006). 
2.6.3 Description of the zoning database 
The attributes associated with each poultry industry data point were included in the 
data of the census subdivision polygon in which it was located. Therefore, in the merged 
database, subsequently referred to as the zoning database, the production capacity of each 
of the 40 products related to poultry production was displayed as an attribute of each census 
subdivision. The lat/long coordinates assigned to poultry production sites were not 
discernable in the merged database. Census subdivisions with no production sites only had 
attributes associated with the geospatial data shapefile. 
The total production capacity of a product as listed for a given census subdivision 
was equal to the sum of the capacity for that product over all the individual production sites 
located within it. For example, the total feed requirement for all CFO production sites 
within a given census subdivision was listed as one of its attributes in the zoning database. 
However, that feed requirement was not broken down further, so the feed required at 
individual sites was not discernable.  
All census subdivisions which did not contain any production sites were eliminated 
from the database. Finally, the agricultural region associated with each census subdivision 
was added to the database. A list of the census subdivisions found within each agricultural 
region was obtained from a series of three maps produced by Statistics Canada depicting 
the 2006 Agricultural Regions in Ontario, along with the 2006 Census Divisions and 
Census Subdivisions (StatsCan2006b). All census subdivisions located in Quebec were 




2.7 Use of administrative boundaries for zone scenarios 
The method used for zoning scenarios was based on previously existing 
administrative boundaries. Agricultural regions, census divisions and subdivisions were all 
considered as possible legal boundaries which could be used to divide zones, given that the 
database created for the study was precise down to the census subdivision level. A series of 
three maps produced by Statistics Canada depicting the 2006 Agricultural Regions in 
Ontario, also depicting the 2006 Census Divisions and Census Subdivisions 
(StatsCan2006b), included as Annex C, served as a visual aide when inspecting zone border 
possibilities because they indicated the five agricultural regions of Ontario broken down to 
the census division and subdivision levels.  
The first step of creating zone borders was calculating the deficit or surplus of each 
type of production in each census subdivision. The deficits and surpluses of all subdivisions 
within each census division were then totaled. Zone borders were created by joining census 
divisions together to form two zones in a way that minimized the production deficits within 
each of them.  
In order to determine independence of production, the net production capacity of 
products related to broiler, table egg, and turkey production were separately evaluated. A 
number of calculations were completed in order to examine the independence of each type 
of production. For broiler chickens, the calculations were as follows: The net import 
requirement of feed for all OBHECC and CFO sites was subtracted from the export 
capacity of feed from the appropriate feed mill groups, which are described in section 2.3. 
The import requirement of broiler hatching egg hens at OBHECC hatching egg producing 
sites was subtracted from the export capacity of 20 week-old pullets at OBHECC broiler 
breeder pullet sites. The import requirement for broiler hatching eggs at broiler hatcheries 
was subtracted from the export capacity of hatching eggs at OBHECC hatch egg producing 
sites. The import requirement for day-old broiler chicks at CFO broiler sites was subtracted 




84% hatch rate. The export capacity of broiler chickens in each weight category was 
subtracted from the import requirement of broiler chickens at abattoirs in each weight 
category. The export capacity from OBHECC hatching egg producing sites was subtracted 
from the import requirement of broiler chicken at abattoirs in Weight Category 4.   
For table eggs, the calculations were as follows: The import requirement of feed for 
EFO pullet and EFO layer sites was subtracted from the net production of feed from the 
appropriate feed mill groups. The import requirement for day-old layer pullets at EFO 
pullet sites was subtracted from the net production of pullets at egg layer hatcheries. The 
import requirement for EFO layers was subtracted from the net production of layers, 
accounting for mortality, at EFO pullet sites. The import requirement for table eggs at egg 
grading stations was subtracted from the net production at EFO layer sites. The export 
capacity of spent hens, which are in Weight Category 1, from EFO layer sites was 
subtracted from the import requirement of abattoirs in Weight Category 1. 
For turkeys, the calculations were as follows: The import requirement of feed at 
turkey sites was subtracted from the export capacity of feed from the appropriate feed mill 
groups. The import requirement of male and female juvenile parent-line turkeys at parent-
line sites was subtracted from the net production at parent-line brood sites. The import 
requirement for commercial turkey hatching eggs at turkey hatcheries was subtracted from 
the net production at turkey parent-line sites. The import requirement for commercial 
turkey poults at TFO sites was subtracted from the export capacity of day-old poults from 
turkey hatcheries, taking into account the hatching rate of 80%. The import capacity at 
turkey abattoirs was subtracted from the export capacity turkey from commercial and 






2.7.1 Sample of calculations performed using the zoning database 
The following example demonstrates how the Statistics Canada maps, in 
conjunction with the zoning database, were used for zoning attempts. Figure 6, entitled 
“Oxford Census Division and Census Subdivisions,” provides a visual image of the census 
division and subdivisions used subsequently in the sample database shown in Table III. 
This table is a sample of the actual zoning database. It illustrates the production surpluses 
and deficits of a select number of census subdivisions, including the Zorra subdivision of 
Oxford census division shown in Figure 6. The process used to determine the product 
surpluses and deficits within each census subdivision is demonstrated using the Zorra 
census subdivision and Oxford census division. 
Table III includes data on 11 of the 40 poultry industry products, listed as attributes 
of 16 of the census subdivisions contained in the zoning database. These 11 products are 
listed in Tables I and II, described in section 2.5, and represent a sample of products related 























































The above figure is an enlarged image taken from the Statistics Canada 2006 Census of Agriculture 
Map 2A, included in Annex C, which depicts Agricultural Regions 1 & 2. This enlarged image depicts 
Ontario Census Division 32, known as Oxford Census Division, bordered by a solid black line. Within 
Oxford Census Division are dotted lines which delineate the borders of the Oxford census subdivisions. 
Each subdivision is labeled by the name and census subdivision number assigned in the Statistics 
Canada map. Census subdivision Zorra (subdivision # 27), is labeled in bold font. Information on 
production sites within Zorra subdivision is referred to in the sample database found in Table III. 
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Table III. Representative sample of database used for zoning scenarios; product deficits and surpluses per census subdivision 
 
All production capacity was calculated over an 8 week period. Zorra census subdivision is in bold italic. AR: Agricultural Region as defined for the 2006 Statistics Canada census of agriculture. Regions 1-5 are 
in Ontario, all of Quebec is considered “Region 0”; Census Subdivision/Census Division: Census subdivision and division as defined for the 2006 census; Ct (Count): number of production sites found in the 
census subdivision. The units of measurement for poultry industry products are as follows: metric tonnes for BF_CFO: Input requirement for feed at CFO sites; BF_EL: Input requirement for feed at EFO layer sites; PF_A: Export 
capacity from feed mills which export of all types poultry feed; thousands of broiler chicks for B_CFO: Input requirement of broiler chicks at CFO production sites; P_CFO: Export production capacity of broiler chicks from hatcheries to CFO 
sites; thousands of dozens for B_ECS: Import capacity for table eggs at egg grading stations; PECS: Export production capacity of table eggs from EFO layer sites to egg grading stations; metric tonnes for B_CA2: Import capacity of chicken 
in weight category 2 (1.951-2.45 kg) at chicken abattoirs; P_CA2: Export capacity of broiler chicken in weight category 2 from CFO sites to abattoirs; BTA: Import capacity of turkey from TFO and turkey breeder sites at turkey abattoirs; 
PTA: Export capacity of turkey from TFO production sites and breeder line production sites to turkey abattoirs. 
AR 
Census 
Subdivision Census Division Ct BF_CFO BF_EL PF_A B_CFO P_CFO B_ECS PECS B_CA2 P_CA2 BTA PTA 
1 Niagara-on-the-Lake Niagara 9 -1054 0 0 -294 0 0 0 0 132 0 0 
1 Lincoln Niagara 34 -1750 -167 0 -422 8000 0 117 -4136 386 0 81 
1 Haldimand Haldimand-Norfolk 97 -6406 -1025 0 -1427 6769 -82 721 0 195 0 174 
1 Zorra Oxford 52 -2764 -752 79800 -653 0 0 529 0 967 -3829 1306 
2 Caledon Peel 9 -882 0 0 -238 0 0 0 0 227 0 59 
2 E Garafraxa Dufferin 7 -616 -58 0 -158 0 0 41 0 31 0 0 
2 Woolwich Waterloo 62 -2033 -1627 38360 -491 94 -272 1145 0 387 0 291 
2 Stratford Perth 3 0 -71 19600 0 2154 0 50 0 0 0 0 
3 Prince Edward Prince Edward 9 -1039 0 0 -319 0 0 0 0 353 0 0 
3 Kawartha Lakes Kawartha Lakes 14 -735 0 0 -203 0 -35 0 0 235 0 13 
3 Toronto Toronto 5 0 0 0 0 0 0 0 -13004 0 0 0 
4 N Glengarry Stormont, Dundas, Glengarry 5 -374 -401 0 -93 0 0 282 0 55 0 0 
4 The Nation Prescott/Russell 45 -1432 -2762 11200 -321 0 -110 1942 0 579 0 0 
4 Ottawa Ottawa 7 -292 -196 0 -82 0 -169 138 0 159 0 0 
5 Oliver Paipoonge Thunder Bay 3 0 -168 0 0 0 -109 118 0 0 0 0 
0 Wickham QC Drummond QC 2 0 0 0 0 280 0 0 0 0 0 0 
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2.7.2 Description of sample selected from the zoning database 
All of the following quantities represent the net import or export capacity of each 
product for the production sites within each census subdivision over an eight week period 
of time. 
The line of Table III in bold italics represents the census subdivision of Zorra in the 
census division of Oxford. The method used to calculate the deficits and surpluses within 
each census subdivision is demonstrated using Zorra census subdivision as an example. 
Starting from the left, the census subdivision of Zorra is in AG (agricultural region) 1, and 
is part of the census division of Oxford. The count is 52, meaning there are 52 poultry 
industry production sites included in this census subdivision.  
After the production site count are three categories dealing with feed requirements 
and feed mill production capacity. All of the CFO broiler sites (BF_CFO) in this 
subdivision require a total input of 2,764 metric tonnes of feed, and the EFO layer sites 
(BF_EL) require 752 metric tonnes of feed. The feed mill production capacity of feed to 
export in this subdivision is 79,800 metric tonnes. Subtracting the input requirement from 
CFO and EFO production sites from the feed mill production output capacity (79,800 
metric tonnes feed mill production capacity output – 2,764 metric tonne input required to 
CFO sites – 752 metric tonne input to EFO sites) yields a surplus production capacity of 
76,284 metric tonnes of poultry feed; this surplus feed can be exported to poultry 
production sites within other census subdivisions. 
The next two categories moving right deal with day-old broiler requirements. CFO 
production sites (BF_CFO) in the subdivision require an input of 653,000 day-old chicks, 
but the production capacity of broiler chicks within the subdivision (PF_CFO) is 0. 
Practically speaking, this means that there is no OBHECC-associated broiler chick hatchery 
located in this census subdivision. There is a deficit of 653,000 day-old broiler chicks 





The following two categories indicate the table egg production and grading station 
capacity. EFO layer production sites (PECS) within the Zorra census subdivision produce 
529,000 dozens of table eggs; however, the egg grading station capacity (B_ECS) is 0. 
There is a surplus of 529,000 dozen table eggs that cannot be graded within this 
subdivision; this surplus capacity of table eggs must be exported to grading stations in 
another subdivision. 
The production output from poultry production sites and the abattoir capacity for 
broiler chicken in Weight Category 2 (1.951 - 2.45 kg) is next. The number of chickens 
shipped from CFO production sites has been converted to metric tonnes of chicken, so that 
the unit of measurement was synchronized between the broiler chicken sites and the 
abattoirs to which they are shipped. CFO production sites that produce broilers in weight 
category 2 (P_CA2) produce a total of 967 metric tonnes; however, the abattoir production 
capacity for broilers in this weight category (B_CA2) is 0.  There is a surplus of 967 metric 
tonnes of broilers within this subdivision that must be exported to an abattoir in another 
subdivision.  
The last two categories in the table are for the turkey production and turkey abattoir 
capacity. As with chickens, the number of actual turkeys has been converted to metric 
tonnes. Within the Zorra census subdivision, the import abattoir capacity for turkey (BTA) 
is 3,829 metric tonnes.  The total production of turkey for slaughter from TFO production 
sites and turkey breeder sites (PTA) is 1,306 metric tonnes. Subtracting the import capacity 
at turkey abattoirs from the net production at turkey production sites within Zorra census 
subdivision (3,829 metric tonnes slaughter plant capacity – 1,306 metric tonnes turkey 
produced) yields a net surplus capacity at turkey abattoirs of 2,523 metric tonnes. This 
means that the turkey abattoirs within this census subdivision can import turkey from other 




2.7.3 Calculating production deficits and surpluses per census subdivision 
The production deficits and surpluses for the remaining products were calculated 
using the procedure described in section 2.7.2. The deficits and surpluses of the other 
census subdivisions within Oxford, which includes East Zorra-Tavistock, Blanford-
Blenheim, Norwich, and South-West Oxford, were combined with the net production 
within Zorra subdivision to yield the net production deficits and surpluses for Oxford 
census division. This procedure was completed for each census division. Zone scenarios 
were then attempted by joining the census divisions together. 
2.8 Initial zoning scenarios based on agricultural regions 
An attempt was made to create zones while keeping existing administrative 
boundaries intact, for the sake of simplicity for organization and administration of any 
possible borders. The initial zoning attempt was based on agricultural regions because they 
represent the largest administrative boundaries in the database. This was accomplished by 
separating the census subdivisions in the final database by agricultural region, with Quebec 
classified as “Region 0.” The production deficit or surplus for each product was calculated 
for each of the agricultural regions, using the process explained in the previous section. The 
results of the initial attempt are found in Table IV. 
2.8.1 Formation of zones by combining agricultural regions 
Two zones were formed by combining Ontario Agricultural Regions 1 & 2 into 
Zone A, and Ontario Agricultural Regions 3, 4, and 5 into Zone B. Production in Quebec 
was included as a part of Zone B for one scenario. Figure 7, entitled “Border between 
combined agricultural regions to form Zone A and Zone B,” illustrates the border division 
between Zone A and Zone B. The attempt at establishing zones is described in Table V. 
This zoning attempt, combining agricultural regions to create two zones A and B, shall be 
















Figure 7. Border (bold line) between combined agricultural regions to form Zone A and 
Zone B 
2.8.2 Further zoning scenarios 
All further zoning attempts involved combining a limited number of Statistics 
Canada census divisions located along the border between Zone A and Zone B, in an effort 
to further minimize the production deficits. Given the geography of Ontario and the 
distribution of poultry sites, it was determined that eight census divisions were critical to 
any other zoning attempts. These census divisions were: (Bruce (CD 41); Grey (CD 42); 
Simcoe (CD 43); and Dufferin (22) from Zone A, and Kawartha Lakes (CD 16); Durham 
(18); York (19); and Toronto (20) from Zone B. 
2.8.3 Examination of zoning scenarios for fit with zone criteria 
A total of 70 different zoning scenarios were attempted based on varying 






scenarios included production sites in Quebec, while the other 35 did not include sites 
located in Quebec. All production deficits and surpluses in Zone A and B of each of the 35 
zone scenarios excluding Quebec were compared side-by-side to see which best reduced 
the production deficits seen in the combined zones A and B. The priority was to minimize 
production deficits across the whole industry; certain large production surpluses are 
highlighted in the results because they represent potentially significant net production 
imbalances. Scenarios which indicated the largest relative production deficits of table eggs, 
chicken production in Weight Category 4, and day-old broiler chicks were eliminated. The 
remaining scenarios were compared and are presented in the result section. 
The scenarios including production sites in Quebec were not examined further for 
two reasons. In the event of an outbreak, the Ontario poultry industry may prefer to exclude 
Quebec if it does not have a zoning scheme. The border may also be closed by Quebec in 
the event of an outbreak in Ontario. Additionally, the scenarios which excluded Quebec 




Chapter 3: Results 
3.1 Initial zoning scenarios based on agricultural regions 
The initial zoning attempt based on agricultural regions is depicted in Table IV, 
entitled “Production Deficits and Surpluses in Zones formed by Agricultural Regions.” 
Table IV indicates the production deficits and surpluses within each agricultural region of 
Ontario. The columns headed by an Ontario agricultural region indicate that region’s net 
production capacity for each product deemed essential for zoning of the poultry industry; 
these products were followed in the flow analysis of the poultry industry described in 
Chapter 2. The net production of products from Quebec implicated in the Ontario poultry 
industry is listed in a separate column. 
3.1.1 Notes on interpreting tables of production deficits and surpluses 
When interpreting Table IV, as well as the subsequent tables of zoning scenarios 
presented in this chapter, note that bold, italic numbers indicating the net capacity of certain 
poultry products within a zone are negative, while others are positive. Deficits of imported 
products (negative numbers) and surpluses (positive numbers) of exported products are 
highlighted this way because those imbalances of production capacity may require 
corrective actions, such as reducing the requirements for those products and services within 
the zone by reducing the production at poultry production sites, or by using products and 
services outside of the zone in order to meet the requirements. Hence, all bold, italic 
negative numbers indicate the deficit of essential products which must be imported from 
outside the zone in order to maintain production capacity. These products include: poultry 
feed; broiler chicken hatching eggs imported to hatcheries; broiler day-old chicks imported 
into broiler chicken production sites; table egg layer pullets imported from hatcheries; table 
egg layers imported from table egg pullet sites; and commercial turkey poults imported 
from turkey hatcheries. All bold, italic positive numbers represent the surplus of a product 
within a zone, which corresponds to a lack of processing capacity for that product. A large 




in order to align production with the within-zone processing capacity, unless the surplus 
was exported to processing sites outside the zone. These products include: table eggs, 
which must be exported to grading stations; all weight categories of chicken, which are 
exported to chicken abattoirs; and commercial turkeys exported to turkey abattoirs.  
This may be better explained by an example found in Table IV, Agricultural Region 
3. The net deficit of 4,102 layers available for import into EFO quota-holding layer hen 
production sites within the zone formed by Agricultural Region 3 is indicated as a negative 
number in bold, italic. Because of this deficit, the layer hen sites within Region 3 must 
import 4,102 20-week-old table egg layer pullets from outside of the zone in order to 
maintain their production. The column below table egg layer hens lists the net production 
capacity for table eggs. The surplus production of 202 thousand dozen table eggs in 
Agricultural Region 3 is indicated as a positive number in bold, italic. This surplus is the 
result of the production of table eggs at layer hen production sites exceeding the capacity of 
the egg grading stations to grade the eggs in this zone. This production imbalance is 
highlighted in bold, italic because it may be corrected while maintaining production within 
the zone by exporting these eggs to be graded in another region. This would likely be 
possible if the zone is recognized as negative for influenza. 
3.1.2 Important findings from the initial zoning scenarios 
With the exception of most of the turkey production, and the production of Weight 
Category 2 chickens in Agricultural Regions 1 and 2, combining Regions 1 and 2 reduces 
the production imbalances found in each individual region. The same is true when Regions 
3, 4 and 5 are combined. There are some exceptions, however. Turkey production is 
concentrated in Agricultural Region 1. There is a production surplus of over 8 million 
(8,149,000) broiler hatching eggs in Agricultural Region 2. A large production surplus in 
the number of metric tonnes of chicken in Weight Category 2 is found in Agricultural 
Regions 1 and 2. There is an excess capacity of 12,000 metric tonnes of chicken in Weight 




there is over 10,000 metric tonnes of underutilized capacity at abattoirs in Weight Category 
2.  
3.2 Zoning Scenarios based on combined agricultural regions 
The agricultural regions were combined for the next zoning attempts, as explained 
in Section 2.8.1 and illustrated in Figure 7. Table V, entitled “Production Deficits and 
Surpluses in Zones A and B, formed by combining Agricultural Regions,” shows the net 
production of each product in each zone. The initial scenario based on combined 
agricultural regions is considered the “second scenario”, the first one being the zoning 




Table IV. Production Deficits and Surpluses in Zones formed by Agricultural Regions 
Numbers listed under each column labeled by agricultural region in Table IV indicate the net production within that region for each poultry product included in the zoning database over an 8 week period. All 
bold italic numbers indicate an imbalance in production capacity within that region which could affect its independence. The Quebec production capacity reduced deficits found in Ontario if that capacity was 
included in a zone scenario. The production of Turkey Hatching Eggs is “0” in every column because there is never a production deficit; hatching egg production and the hatchery capacity for turkeys is evenly 
matched in the regions where such production is located. The calculated number of commercial turkey poults required in Agricultural Region 5 is 48 birds total; this is not a clerical error, but over 8 weeks is not a 
significant finding. Note that combining Regions 1&2 and combining Regions 3, 4 and 5 reduces production imbalances for most products. This is discussed in section 3.2.1 and shown in Table V. 
Poultry Industry Product Unit of Measurement Ag Region 1 Ag Region 2 Ag Region 3 Ag Region 4 Ag Region 5 Quebec 
Poultry Feed Metric tonnes 83,373 134,431 8,727 18,152 -341 0 
OBHECC Broiler Breeder Pullets Number of Birds 3,349 33,151 5,641 0 0 0 
Broiler Hatching Eggs Thousands of Eggs 323 8,149 -340 0 0 -1,253 
Broiler Day-old Chicks for CFO Sites Number of Birds 670,947 -176,423 424,441 -977,048 -1,841 916,706 
EFO Table Egg Layer Pullets Number of Birds -423,746 276,114 469,106 -378,901 -5,209 76,923 
EFO Table Egg Layer Hens Number of Birds 37,044 36,633 -4,102 116,641 -3,556 0 
EFO Table Eggs Thousands of dozens -2,638 -290 202 2,758 -32 0 
Category 1 Chicken 
(1.6-1.95 kg) Metric tonnes 2,113 -4,415 1,884 636 13 -293 
Category 2 Chicken 
(1.951-2.45 kg) Metric tonnes 7,812 5,039 -10,750 1,329 0 -3,430 
Category 3 Chicken 
(2.451-3.2 kg) Metric tonnes -1,488 1,598 250 74 0 -443 
Category  4 Chicken 
(3.21-4 kg) Metric tonnes -244 117 108 0 -4 -105 
Commercial Turkey Hatching Eggs Dozens 0 0 0 0 0 0 
TFO Commercial Turkey Poults Number of birds 3,002,078 -489,950 -22,524 -3,020 -48* 0 
Turkey Production Metric Tonnes 1,926 -2,887 163 27.3 .477 0 
Male Turkey Commercial Parent Line 
Poults Number of birds 4,015 0 0 0 0 0 
Female Turkey Commercial Parent Line 
Poults Number of birds 11,641 0 0 0 0 0 
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Numbers under each zone in Table V indicate the within-zone net production for each poultry product over an 8 week period. All bold italic numbers indicate an imbalance in production 
capacity within the zone which could affect its independence. The first two columns represent combined agricultural regions excluding production from Quebec. The third column 
represents zones with Quebec included in Zone B; production capacity in Quebec reduced deficits in Zone B. All further zone scenarios utilized the basic division of agricultural regions in 
Zones A and B; only 8 census divisions, four in Zone A and four in Zone B, were varied in all subsequent scenarios. This is discussed in section 3.3. 
Poultry Industry Product Unit of Measurement 
Zone A  
(Regions 1 & 2) 
Zone B  
(Regions 3, 4 & 5) 
Zone B  
(Regions 3, 4 & 5) + QC 
Poultry Feed Metric tonnes 217,804 26,538 26,538 
Broiler Breeder Pullets Number of Birds 36,499 5,641 5,641 
Broiler Hatching Eggs from OBHECC Thousands of Eggs 8,472 -340 -1,593 
Broiler Day-old Chicks for CFO Sites Number of Birds 494,524 -554,448 362,258 
EFO Table Egg Layer Pullets Number of Birds -147,632 84,996 161,919 
EFO Table Egg Layer Hens Number of Birds 73,676 108,983 108,983 
EFO Table Eggs  Thousands of dozens -2,928 2,928 2,928 
Category 1 Chicken  
(1.6-1.95 kg) Metric tonnes -2,302 2,533 2,240 
Category 2 Chicken  
(1.951-2.45 kg) Metric tonnes 12,851 -9,421 -12,851 
Category 3 Chicken 
 (2.451-3.2 kg) Metric tonnes 110 323 -120 
Category  4 Chicken 
 (3.21-4 kg) Metric tonnes -127 104 -2 
Commercial Turkey Hatching Eggs Dozens 0 0 0 
TFO Commercial Turkey Poults Number of birds 2,512,128 -25,592 -25,592 
Turkey Production Metric Tonnes -961 191 191 
Male Turkey Commercial Parent Line Poults Number of birds 4,015 0 0 
Female Turkey Commercial Parent Line  
Poults Number of birds 11,641 0 0 
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3.2.1 Important findings of combined agricultural regions 
Combining agricultural regions resulted in a reduction of production imbalances for 
several products. In Table V, the production deficit of day-old broiler chicks in Agricultural 
Region 2, of about 175 thousand, was eliminated when it was combined with Agricultural Region 
1. The mismatch in production of day-old broiler chicks in Agricultural Regions 3, 4 and 5 was 
reduced when they were combined into Zone B. The deficit of EFO table egg layer pullets was 
substantially reduced when agricultural regions were combined into Zones A and B. The deficit 
of pullets in Zone A was about 147 thousand, whereas in Agricultural Region 1, as seen in Table 
IV, the deficit was about 423 thousand pullets. There was a surplus of pullets in Zone B, shown 
in Table V; combining Agricultural Regions 3 and 4 corrected the production mismatch seen 
between those regions, shown in Table IV.  
3.3 Further Zoning Scenarios 
Four additional zoning scenarios which reduced production imbalances over the whole 
industry are presented in Tables VI - IX. These four scenarios present different combinations of 
eight census divisions that were moved in either zone A or B in attempts to reduce deficits and 
surpluses for the two zones (Bruce (CD 41); Grey (CD 42); Simcoe (CD 43); Dufferin (22); 
Kawartha Lakes (CD 16); Durham (18); York (19); Toronto (20)). These scenarios were selected 
after all further zoning scenarios were compared against the zones formed by combined 
agricultural regions and against each other to examine the net production capacity imbalances. 
The differences between the scenarios are highlighted in each table. 
Scenario 16: For this scenario, all eight border census divisions were moved into Zone A (Figure 
8). The net production imbalance for chicken in all weight categories, the deficit of processing 
capacity for commercial turkey in Zone B and the surplus of turkey poults in Zone A were 
reduced in this scenario compared those seen in Zones A and B in the second scenario, shown in 
Table V. The net production deficit of day-old broiler chicks for CFO production sites and EFO 
layer pullets for EFO layer sites in Zone A was increased compared to those seen in Zone A of 




Scenario 19:  For this scenario, all border census divisions were included into Zone A, except 
Simcoe (CD 43), which was part of Zone B (Figure 9). The surplus production of broiler hatching 
eggs in Zone A, and the production imbalance for commercial turkey in Zones A and B remained 
similar compared to the second scenario. The mismatch of day old broiler chicks and table egg 
pullets was reduced compared to the second scenario. The production imbalance for Weight 
Category 2 chicken was greatly reduced from the one obtained in the second scenario (Table 
VII). 
Scenario 33: For this scenario, all border census divisions were included into Zone A, except 
Simcoe (CD 43) and Dufferin (CD 22) which were part of Zone B (Figure 10). The imbalance of 
production of day-old broiler chicks in both zones was reduced the most in this scenario 
compared to the others. The imbalance of table egg pullets in both zones was reduced compared 
to the second scenario. The surplus capacity of broiler hatching eggs and the concentration of 
turkey production in Zone A were similar to that seen in the other scenarios. The production of 
chickens in Weight Categories 1, 3 and 4 was similar to that in combined regions, but the 
imbalance was reduced for Category 2 chicken (Table VIII). 
Scenario 32: For this scenario, all border census divisions were included into Zone A, except 
Simcoe (CD 43), Dufferin (CD 22) and Kawartha Lakes (CD 16) which were part of Zone B 
(Figure 11). The excess broiler hatching eggs in Zone A and turkey production imbalance 
remained similar compared to the second scenario. The production imbalance in every weight 




Table VI. Scenario 16: All census divisions defining the border between Zones A and B were 
included in Zone A.  









Figure 8. Map of scenario 16: All census divisions defining the border between Zones A and B 
were included in Zone A.  
The bold line indicates the border between the two zones.  
 
Poultry Industry Product Unit of Measurement Zone A Zone B 
Poultry Feed Metric tonnes 15,910 34,418 
OBHECC Breeder Pullets Number of Birds 32,786 9,355 
Broiler Hatching Eggs Thousands of Eggs 10,613 -2,481 
Broiler Day-old Chicks for CFO Sites Number of Birds -978,227 918,303 
EFO Table Egg Layer Pullets Number of Birds -160,350 97,714 
EFO Table Egg Layer Hens Number of Birds 36,905 145,754 
EFO Table Eggs Thousands of dozens -3,190 3,190 
Category 1 Chicken (1.6-1.95 kg) Metric tonnes -1,497 1,728 
Category 2 Chicken (1.951-2.45 kg) Metric tonnes 1,227 2,202 
Category 3 Chicken (2.451-3.2 kg) Metric tonnes 292 141 
Category  4 Chicken (3.21-4 kg) Metric tonnes -44 21 
TFO Commercial Turkey Poults Number of birds 2,503,847 -17,312 
Turkey Production Metric Tonnes -890 120 
Male Turkey Commercial Parent Line Poults Number of birds 4,015 0 





Table VII. Scenario 19: All census divisions defining the border between Zones A and B were 
part of Zone A, except Simcoe included in Zone B.  










Figure 9. Map of scenario 19: All census divisions defining the border between Zones A and B 
were part of Zone A, except Simcoe included in Zone B.  
The bold line indicates the border between the two zones. 
 
Poultry Industry Product Unit of Measurement Zone A Zone B 
Poultry Feed Metric tonnes 23,310 29,769 
OBHECC Breeder Pullets Number of Birds 27,132 15,009 
Broiler Hatching Eggs Thousands of Eggs 8,515 -382 
Broiler Day-old Chicks for CFO Sites Number of Birds -368,810 308,885 
EFO Table Egg Layer Pullets Number of Birds -147,505 84,870 
EFO Table Egg Layer Hens Number of Birds 40,520 142,139 
EFO Table Eggs Thousands of dozens -3,518 3,518 
Category 1 Chicken (1.6-1.95 kg) Metric tonnes -1,888 2,119 
Category 2 Chicken (1.951-2.45 kg) Metric tonnes 1,789 1,641 
Category 3 Chicken (2.451-3.2 kg) Metric tonnes 216 217 
Category  4 Chicken (3.21-4 kg) Metric tonnes -91 68 
TFO Commercial Turkey Poults Number of birds 2,543,643 -57,107 
Turkey Production Metric Tonnes -1,141 371 
Male Turkey Commercial Parent Line Poults Number of birds 4,015 0 





Table VIII. Scenario 33: All census divisions defining the border between Zones A and B were 
part of Zone A, except Simcoe and Dufferin included in Zone B.  
All numbers represent the within-zone net production of each product over an 8 week period. 
 
Poultry Industry Product Unit of Measurement Zone A Zone B 
Poultry Feed Metric tonnes 25,584 28,592 
OBHECC Breeder Pullets Number of Birds 27,132 15,009 
Broiler Hatching Eggs Thousands of Eggs 8,515 -383 
Day-old Broiler Chicks for CFO Sites Number of Birds -104,393 44,468 
EFO Table Egg Layer Pullets Number of Birds -141,401 78,766 
EFO Table Egg Layer Hens Number of Birds 36,259 146,400 
 EFO Table Eggs Thousands of dozens -3,559 3,559 
Category 1 Chicken (1.6-1.95 kg) Metric tonnes -2,023 2,254 
Category 2 Chicken (1.951-2.45 kg) Metric tonnes 1,663 1,767 
Category 3 Chicken (2.451-3.2 kg) Metric tonnes 112 322 
Category  4 Chicken (3.21-4 kg) Metric tonnes -116 92 
TFO Commercial Turkey Poults Number of birds 2,545,963 -59,427 
Turkey Production Metric Tonnes -1,157 387 
Male Turkey Commercial Parent Line Poults Number of birds 4,015 0 












Figure 10. Map of scenario 33: All census divisions defining the border between Zones A and B 
were part of Zone A, except Simcoe and Dufferin included in Zone B.   






Table IX. Scenario 32: All census divisions defining the border between Zones A and B were 
part of Zone A, except Simcoe, Dufferin, and Kawartha Lakes included in Zone B.  











Figure 11. Map of scenario 32: All census divisions defining the border between Zones A and B 
were part of Zone A, except Simcoe, Dufferin, and Kawartha Lakes included in Zone B.  
The bold line indicates the border between the two zones. 
 
Poultry Industry Product Unit of Measurement Zone A Zone B 
Poultry Feed Metric tonnes 27,268 27,643 
OBHECC Broiler Breeder Pullets Number of Birds 24,637 17,504 
Broiler Hatching Eggs Thousands of Eggs 8,106 26 
Broiler Day-old Chicks for CFO Sites Number of Birds 98,546 -158,471 
EFO Table Egg Layer Pullets Number of Birds -141,401 78,766 
EFO Table Egg Layer Hens Number of Birds 36,259 146,400 
EFO Table Eggs Thousands of dozens -3,524 3,524 
Category 1 Chicken (1.6-1.95 kg) Metric tonnes -2,115 2,346 
Category 2 Chicken (1.951-2.45 kg) Metric tonnes 1,428 2,001 
Category 3 Chicken (2.451-3.2 kg) Metric tonnes 96 337 
Category  4 Chicken (3.21-4 kg) Metric tonnes -125 101 
TFO Commercial Turkey Poults Number of birds 2,546,924 -60,389 
Turkey Production Metric Tonnes -1,170 400 
Male Turkey Commercial Parent Line Poults Number of birds 4,015 0 





Chapter 4: Discussion 
The objective of this feasibility study was to determine whether a method could be 
established to divide the supply-managed poultry production in Ontario into at least two 
independently functioning zones, in an effort to reduce the impact of an outbreak of Highly 
Pathogenic Avian Influenza on the industry. The four zoning scenarios presented in the results 
meet all basic conditions set to achieve this objective. The final decision on implementing any 
zoning scheme will depend on poultry industry leadership and cooperation among industry 
stakeholders.  
4.1 General discussion about the proposed scenarios 
The method used for zoning scenarios in this feasibility study quantified the production 
capacity of poultry products within a territory defined by boundaries derived from Statistics 
Canada census divisions. The decision to use these pre-existing administrative boundaries as a 
basis for zone borders was made for several reasons. Subjective observation of the geographical 
data of Ontario did not indicate any obvious natural boundaries, such as a river; in light of this, 
the use of census divisions as a guide for zoning borders was considered a reasonable option. 
Article 4.3.3 of the OIE 2008 Terrestrial Code states that the “extent and limits” of a zone may be 
based on “natural, artificial and/or legal boundaries.” Additionally, the West Hawk Lake zoning 
plan provided a Canadian precedent of dividing zones based on a legal boundary, in that case 
being a provincial border (CAHC 2004). Finally, when consulted about the issue, the industry 
contacts of the OBHECC, CFO and TFO marketing boards concurred that any practical 
application of zones in Ontario would be much easier to organize among the quota holders they 
represented if the zone borders corresponded to those of a pre-existing administrative area (R. 
Guy, J. Neil and G. Morrison, pers. comm.).  
The initial zoning scenario which attempted to create 5 zones corresponding to the 
agricultural regions revealed that, for some products, there was a large deficit in one region, 
offset by a large surplus in another. One of the two most glaring examples was in the production 




chicken in Weight Category 2 in Region 1 was being exceeded by 7,812 metric tonnes of 
chicken, while in Region 2 it was exceeded by 5,039 metric tonnes of chicken. In other words, 
broiler chicken sites within Regions 1 and 2 were producing an excess of about 12 metric tonnes 
of chicken in Weight Category 2 compared to the abattoir capacity within those regions. 
Meanwhile, the abattoirs in Region 3 had a capacity of 10,750 metric tonnes in Weight Category 
2 which was not being utilized. This mismatch between the surplus of chicken in Weight 
Category 2 in Regions 1 and 2, compared with the unused capacity of abattoirs in Region 3, was 
problematic. 
The other example of a fairly significant mismatch in this first scenario was for TFO 
commercial turkey poults. In Region 1, there was a surplus production of over 3 million poults 
compared to the number required at commercial turkey production sites in that region. At the 
same time, commercial turkey production sites in every other region had a deficit of poults 
compared to their requirements. Clearly the deficit of 48 poults, as seen in Region 5, was 
certainly not a significant problem; however, the fact that Region 2 lacked almost 500 000 poults 
was more significant. These two examples of a large mismatch between the deficit in one region 
and the surplus of production other regions lead to the conclusion that other attempts should be 
made at zoning, in order to better equalize the production. 
The second zoning scenario, which combined Agricultural Regions 1 and 2 into Zone A 
and Regions 3, 4 and 5 into Zone B, did succeed in reducing the net production imbalances 
overall; however, some significant imbalances remained. Within Zone B, the deficit of broiler 
hatching eggs represented 10% of production, the deficit of day-old broiler chicks represented 
15% of production. The deficit of table egg layer pullets in Zone A represented about 16% of 
production. In other words, according to the zoning database, over 84% of the required 
production capacity for each of these products was attained within Zone A and Zone B, despite 
the product deficits. However, large imbalances remained. The most obvious example may be 
found between Zones A and B for chicken in Weight Category 2. Over an 8 week period, Zone A 
produced over 12,851 metric tonnes of chicken in Weight Category 2 which had to be 
slaughtered, while Zone B had a production capacity of 9,421 metric tonnes at abattoirs for 




in Weight Category 2 in Zone A compared to the abattoir capacity represented 41% of production 
within that zone. In Zone B, the surplus production of chicken in Weight Categories 1, 3 and 4 
compared to abattoir capacity was over 30% of the abattoir capacity. In addition to the deficit of 
abattoir capacity for chicken, two product surpluses in Zone A were examined because they were 
potentially considered problematic to independently functioning zones. The surplus production of 
broiler hatching eggs in Zone A of about 8 million eggs was 20% over the production 
requirement of hatcheries in that zone. The surplus of commercial turkey poults in Zone A was 
calculated to be over 50% of the production requirement for poults at TFO production sites. 
These imbalances justified further scenarios. 
Although the four additional zoning scenarios presented (16, 19, 32, and 33) did not 
reduce all production imbalances seen in the second scenario, these scenarios did succeed in 
decreasing the product deficits or surpluses which could serve as impediments to functionally 
independent zones.  
The production surplus of broiler hatching eggs in Zone A represented over 15% of the 
within-zone capacity of hatcheries in the second zoning scenario and in all further zoning 
scenarios presented. There was a total production surplus of 8.1 million broiler hatching eggs in 
Ontario every 8 weeks compared to the calculated capacity at broiler hatcheries. This surplus was 
slightly over 10% of the overall hatchery capacity within the province of Ontario. It is possible 
that this surplus was due to the method used to calculate the production capacity at OBHECC 
quota-holding broiler breeder sites. The production capacity of hatching eggs at these sites was 
calculated while controlling for the possibility that no broiler hatching eggs would be imported 
from the United States during an epidemic, as is normally the case. By contract, 17% of broiler 
hatching eggs at hatcheries in Ontario come from the United Sates, according to the OBHECC 
contact (R. Guy, pers. comm.). The industry contact indicated that quota-holding sites could 
compensate for the loss of imports from the United States by maintaining older flocks for a 
longer period in an emergency situation, and therefore the estimated production of eggs at broiler 
breeder production sites was adjusted upwards.  
Production imbalances for day-old broiler chicks are seen in all the zone scenarios 




sites in Zone A at over 900 thousand chicks over 8 weeks. However, this deficit represents 3% of 
the production in Zone A; in other words, 97% of the demand from CFO sites for day-old chicks 
may be met in Zone A despite this deficit. The largest imbalance in Zone B is seen in Scenario 
32, shown in Table VIII, where the deficit of day old chicks for CFO quota-holding sites is less 
than 5% of demand in Zone B. Therefore broiler hatching egg production and day-old broiler 
chick production imbalances were not considered an impediment to maintaining production 
within independent zones. 
The net production imbalance for chicken was a reason why further zones were 
considered after the second zoning scenario. The production of chicken in Weight Category 2 
(1.95 – 2.1 Kg), as calculated for the zoning database, represented 54% of chicken produced in 
Ontario. In each of the additional scenarios presented there was limited abattoir capacity and a 
surplus of production in Zone B of chickens in Weight Categories 1, 3 and 4. The surplus 
production of chickens in Weight Categories 1, 3 and 4 within Zone B was above 30% of abattoir 
processing capacity in Scenarios 16 and 19, and in Scenarios 33 and 32 the surplus increased to 
over 40%. However, the number of metric tonnes of chickens in Weight Category 1 produced in 
Zone B was 18 % of the total provincial production according to the zoning database. The 
production of chickens in Weight Category 3 and 4 in Zone B was less than 5% of the total 
provincial production in those weight categories. Abattoir capacity for chickens in Weight 
Category 2 was limited in Zone B in Scenario 16, yielding a surplus production of over 25% 
within the zone. However, all zone scenarios reduced the production mismatch of chickens in 
Weight Category 2 such that at least 70% of the chickens produced could be slaughtered within 
each zone. Because the majority of chickens produced in Ontario are in Weight Category 2, the 
production mismatch in the other weight categories may not be a reason to forgo zoning entirely. 
In Scenario16, the deficit of table egg layer pullets in Zone A represented 17% of the 
demand within the zone. In each of the other scenarios presented the deficit of pullets at EFO 
table egg layer sites in Zone A was less than 17% of demand. The production imbalance for 
pullets at EFO table egg layer sites were most reduced in Scenarios 32 and 33. These potential 




All production deficits and surpluses related to the capacity at egg grading stations were 
not considered to be an impediment to functional zones in this study although the deficit of 
grading capacity in Zone B was above 20% in each scenario, according to the net production 
calculated from the zoning database. This decision was made because capacity estimates were 
only available for 36 of the 73 grading stations provided, and the capacity at the other 37 grading 
stations may be over- or underestimated due to the method used to obtain total egg grading 
station capacity. Since the total quantity of table eggs to be graded within the province was 
known, the choice was made to calculate a capacity for each of the stations lacking this data 
based on the quantity of eggs produced within the province. Assigning some estimate of 
production capacity based on the known number of eggs to be graded was considered more 
appropriate than removing the 37 stations from the study. The two EFO contacts agreed with this 
approach when consulted (M. Beaven, P. Bolton, pers. comm.). However, the deficit of egg 
grading capacity in Zone B could be due to an underestimation. If the grading capacity deficit in 
Zone B was due to a higher capacity of stations in Zone A, as the present calculations suggest, 
one could expect evidence of clustering of other services and table egg production sites within 
Zone A, closer to the sites which receive their main product of table eggs to be graded. The fact 
that the calculations for EFO quota-holding sites suggest that this is not the case, points to a 
problem with the grading station capacity estimations. Problems with data sources are discussed 
in section 4.8. 
Turkey poults in Zone A also had a large surplus. Since commercial parent line turkey 
sites are not part of the supply management system, it is possible that the excess poults may be 
for export. Also, like the surplus of broiler hatching eggs, a surplus may be preferable to not 
zoning. The excess production of turkeys in Zone B compared to the abattoir capacity remained 
relatively unchanged or increased in the four zoning scenarios retained as possible viable options 
for the industry (scenarios 16, 19, 32, and 33). However, the lack of abattoir capacity for 
commercial turkeys in Zone B was not considered as an impediment to zoning. The commercial 
turkey production sites were concentrated in Agricultural Regions 1 and 2, unlike the broiler and 
egg layer production sites. As a result, commercial turkey production was much higher in Zone A 
in every zoning scenario compared with Zone B. The commercial turkey production sites are 




which, in addition to producing commercial poults, also produce breeding stock for export. These 
companies send spent turkey breeders to the same abattoirs as the commercial turkey producers. 
The turkey industry in Ontario may choose the loss of commercial turkeys in Zone B over the 
short term compared to the risk of larger economic loss by not zoning. Since the turkey industry 
in relatively more concentrated within a certain region of Ontario, as compared to the broiler and 
egg layer industries, the best option for the commercial turkey industry may be to explore further 
zoning scenarios. This possibility is discussed in section 4.7. 
4.2 Product Flow Analysis 
The product flow analysis of each supply-managed poultry industry depicts the directed 
movements of products between groups of production sites. The movement of a product from one 
individual production site to another cannot be determined from this analysis, in contrast to the 
network analysis of product shipments between individual production sites as described in 
articles by Bigras-Poulin et al. (2006), Kiss et al. (2006) and others cited in the literature review. 
The product flow analysis was conducted because the data available on product movements 
between individual sites was incomplete, rendering a network analysis impossible. 
4.3 Grouping production sites for flow analysis 
De Nooy et al. (2005) refers to actors with similar patterns as being in the same 
“equivalence class,” where they are not necessarily linked with the same actors, but are linked 
with actors in the same classes. Baker et al. (2005) defines a “trader class” as a group of 
organisations which have similar patterns of participation in a market, which is defined as “a set 
of exchanges involving a specific product or service.” Production sites were grouped based on 
their product exchange patterns with other groups. In this study, choosing to class production 
sites based on the group-level variable of product exchanges with other types of sites was 
appropriate because this group-level variable was important to determining the net production 
within a given zone. In other words, the type of sites with which a given production site could, in 
an emergency, ship or receive products was more important to the analysis than the actual sites 




sites in order to form functional zones. In addition, it was assumed that any pre-existing contracts 
between individual production sites may be suspended during an emergency situation. That being 
said, understanding the movements between individual production sites would allow more 
precise zone boundaries to be created, which could further decrease production imbalances; this 
is discussed in section 4.8. 
4.4 Exclusion of Quebec from zoning scenario results 
Zoning scenarios which included Quebec in Zone B were excluded from the results. This 
decision was due in part to the fact that only data from a limited number of production sites, 
including certain broiler chicken hatcheries, table egg layer hatcheries, and chicken abattoirs 
located in Quebec, were available. In the case of table egg layer hatcheries, information about the 
production capacity was only available via personal communication with an EFO contact. The 
total production capacity at these sites is unknown, as is any information on the production sites 
within Quebec with which they do business. Including these hatcheries and abattoirs in Zone B 
would have required the assumption that the percentage of the production capacity used by 
Ontario poultry production sites remained relatively stable, and was independent of the 
production cycles or other unknown factors related to the poultry production sites in Quebec. 
Since these assumptions could not be verified, the choice was made to present scenarios which 
were not dependent upon them. 
In addition to the problem of incomplete data on their production capacity, the fact that 
the hatcheries and abattoirs in Quebec likely do most of their business dealings within that 
province may complicate their inclusion in an Ontario zone in the event of an outbreak of HPAI 
in Ontario. It is possible that in this case, the province of Quebec may decide to close the border 
with Ontario to traffic involving commercial poultry. Secondly, even if the border with Quebec 
remains open, the hatcheries and abattoirs in that province with business dealings with Ontario 
may face market pressure either from the poultry marketing boards in Quebec collectively, or 
from individual Quebec quota-holders of broiler chicken and table egg production sites with 
whom they have contracts, to stop shipments into or out of Ontario in order to avoid introducing 




Finally, in the event of an HPAI outbreak in Quebec, the inclusion of hatcheries or 
abattoirs from this province with Zone B in Ontario may be a route of viral introduction into the 
Ontario production sites if Quebec does not have a zoning scheme, or any other effective regional 
disease control strategy. The poultry industry in Ontario would obviously have to exclude 
Quebec production sites under these circumstances.  
4.5 Rationale for study definitions and zone criteria 
The study definition of a zone was based on the definition found in the OIE Terrestrial 
Animal Health Code of 2007. In that document, a zone (or region) is defined as: a clearly defined 
part of a country containing an animal subpopulation with a distinct health status with respect to a 
specific disease for which required surveillance, control and biosecurity measures have been 
applied for the purpose of international trade (OIE 2007). The study definition was written to 
correspond to the OIE definition because it is the basis of international recognition of zones; if 
the supply managed poultry industries in Ontario wish to have zones recognized on a national or 
international level they will likely be required to follow OIE standards. 
This zoning study was an attempt at creating a border within a country, using zoning in 
the context described in the article by Gemmeke et al. (2008), which states that “Zoning is 
applied globally, and particularly within the European Union, where it forms the basis for the EU 
common market for live animals.” Separating a healthy subpopulation for the purpose of trade 
may work in conjunction with the use of a containment zone. A containment zone is defined in 
the Code as “a defined zone around and including suspected or infected establishments, taking 
into account the epidemiological factors and results of investigations, where control measures to 
prevent the spread of the infection are applied,” (OIE 2008a). The Code specifies that “In the 
event of limited outbreaks of a specified disease within an otherwise free country or zone, a 
single containment zone, which includes all cases, can be established for the purpose of 
minimizing the impact on the entire country or zone,” (OIE 2008c). The CFIA’s disease control 
actions in the Hazard Specific Plan for notifiable avian influenza, which include pre-emptive 
depopulation of all commercial poultry sites within 1 km of an infected site and controlled 




influenza epidemic. The use of zones as described in this study would allow the poultry industry 
to function while putting in place a disease spread mitigation strategy on top of CFIA activities. 
However, the creation and maintenance of a zone requires that “all factors relevant to the 
integrity of the zone,” be considered according to the OIE (Bruschke et al. 2008). The integrity of 
a zone in this study is dependent upon satisfying the demands of commercial poultry production 
sites located within that zone. The four industries chosen as zoning criteria are important for the 
integrity of the zones proposed in the study because they are essential to satisfying these 
demands. The precedent of consulting industry to help define the organisations to be included in 
a network, as was done here to define the zoning criteria, is illustrated by Harris et al. (2008). In 
their study of tobacco control programs, the researchers selected organisations to conduct an 
interorganisational network analysis with the help of contacts in key agencies.  
The study definition for commercial poultry is based on a portion of the Canadian Food 
Inspection Agency’s definition, which is: poultry raised under Canada’s supply management 
(quota) system or for the purpose of selling their products and by-products for financial gain 
outside the quota system, or poultry raised on a premises with 300 or more domestic birds, even 
if there are no commercial activities. The database used in zoning attempts was primarily based 
on raw data provided by the Ontario poultry marketing boards. This limitation required that the 
study definition of commercial poultry be limited to commercial production sites within the 
broiler chicken, table egg, or commercial turkey industry. By contrast, the CFIA definition 
includes other species such as ducks and quail. Since the zoning scenarios presented in this study 
contain only supply managed poultry productions, discussions with the leadership of non supply 
managed commercial poultry productions (ducks, geese, quails) may be required to achieve 
viable borders for zones. This should not be an insurmountable task since these productions are 
relatively small compared to supply managed productions. 
4.6 Time period used for zone database calculations 
As Ortiz-Pelaez et al. (2006) points out, the analysis of the relationships between two 
nodes in the network as applied to animal movements necessarily includes a time element. All of 




requirements for each type of production site over an 8 week cycle. The reasons why the 
calculations were completed based on an 8 week cycle were partly practical in nature. The CFO 
followed a yearly production calendar of 8 week cycles, and the CFO quota-holding production 
sites represented by far the largest proportion of sites included in the database (there were over 
1000 CFO quota-holding sites out of a total number of 2270 sites for all types of production in 
the database). Therefore, adjusting the production input and output needs of all the other types of 
poultry production on a per-8 week basis required fewer total adjustments to the data than had 
another time period been chosen. In addition to this reason for completing all calculations based 
on an 8 week period of time, the HPAI H7N3 outbreak in British Columbia lasted for over 90 
days (Bowes 2007) and the OIE recommendations on avian influenza allows countries to declare 
disease freedom after an outbreak 3 months after its end, if appropriate measures have been taken 
(OIE 2008e). If an outbreak in Ontario followed a similar time frame, the 8 week period used to 
calculate requirements for the production sites could provide a basis for estimations of production 
needs over a longer period. 
4.7 Strengths of the zoning study 
This study is the first study of its kind attempted for the poultry industry in Canada. There 
is interest in the use of zoning and compartmentalisation for poultry industries. France is 
developing compartments for breeding stock premises. The commercial poultry industry in 
several European countries, including Italy and the Netherlands, have discussed 
compartmentalisation as a method of control for avian influenza, and strengthening recognition of 
zones within Europe, with government officials (Gemmke et al. 2008).   
Choosing which scenarios provided the best options for the poultry industry in Ontario 
required choosing among several sometimes competing interests, in the sense that the goal of the 
zoning study was to design zone borders based on the interests of the whole industry. The zone 
border which best minimizes production imbalances for broiler chicken, table egg, or turkey 
production might not necessarily best minimize the imbalances for the other two commercial 
poultry products. This study demonstrates that zoning may be used as a tool for the supply-




for diseases of concern for each industry. Using a stepwise method beginning with agricultural 
regions identified areas where certain production is concentrated, such as the turkey industry 
concentration in Region 1, and potential product deficits, such as the surplus capacity of chicken 
in Weight Category 2. Industry may use this method to identify production deficits and surpluses 
to attempt to control diseases of concern, regardless of whether they are declarable to the CFIA 
and OIE. 
Zoning using the method described in the study allows for the quick assessment of various 
scenarios in the event of an emergency, provided the database is updated regularly, as it may be 
adjusted to fit realities on the ground during an outbreak, such as containment zones of 
production sites around an infected premises, the reduced demand by the public for poultry 
products, etc. Once the procedure for defining zones is completed, the method can be applied to 
the industry regardless of changes in the location of sites and changes in their production 
capacity. Therefore, any new sites or sites that are currently inactive can be added or subtracted 
from the database, and the zoning method can be re-applied.  This zoning method also has the 
advantage that, if errors are found in the production capacity of a given site, the correct data can 
be entered and the method then may be quickly re-applied. 
The final data set approximated well the reality of the industry regarding fixed facilities at 
the time of the study. The data was based on information from real production cycles, or in the 
case of the feed mills, survey responses obtained directly from mill managers. All assumptions 
have been discussed with the appropriate marketing agency contacts. All assumptions and 
information from the marketing boards (mortality, feed ratios, etc) were also verified via third 
party sources whenever possible. All of the supply managed commercial poultry industries in 
Ontario: the broiler industry, the table egg industry, and the commercial turkey industry, are 
included in this study. Therefore, the zone scenarios present viable options for the supply-
managed poultry industry in Ontario.  
4.8 Difficulties in the zoning study 
Obtaining and verifying data on the four associated industries proved to be the most 




industries was not available directly from the marketing boards, and the data that was made 
available was incomplete. As Gemmeke et al. (2008) point out, for zones and compartments to 
function, all stakeholders must cooperate. Data quality is essential for the creation of successful 
zones. Although the scenarios presented here are viable options, more accurate data could 
provide a clearer picture than these scenarios could illustrate. 
4.9 Maintaining the integrity of the zones 
Disease could be introduced into independently functioning zones via several routes, 
many of which have been implicated in previous outbreaks discussed in the literature review 
(Power 2005; Henzler et al. 2003; Capua et. al. 2006). The time between site infection and the 
imposition of movement bans to and from that site is a crucial period, when further spread of 
disease can occur in the absence of good biosecurity measures. Trucks which make feed 
deliveries, collect eggs, drop off chicks or ship birds to abattoirs from commercial poultry 
production sites could serve as a mechanical means of disease introduction to production sites if 
they are not properly cleaned, as the articles by Power et al. (2005), Henzler et al. (2003) and 
McQuiston et al. (2005) have highlighted. Non supply managed poultry sites and backyard flocks 
must also be a consideration as potential sources of infection.  
The introduction of disease into a zone is similar to the introduction of a disease into a 
country, in that all measures for biosecurity, surveillance, and animal tracing which are in place 
for a country must be in place in a zone for it to be viable (OIE 2008a,c). The potential zone 
scenarios presented here assumed that all measures for maintaining the integrity of the zones 
could be put into place. 
4.10 Future considerations for zoning 
In the future, contacts from all implicated industries should cooperate more closely to 
minimize problems with data quality. For example, it would be beneficial to have an up-to-date 
database of the location and estimate of the production capacity at egg grading stations. Now that 




Ontario, the supply-managed poultry industries could attempt to reduce or plan for these 
production mismatches in an emergency situation regardless of whether they seek formal 
recognition for zones by the international community. 
A Canada-wide zoning scheme, or zoning scheme which involves all commercial poultry 
linked between different provinces, could be a viable option for disease control and should be 
further considered, assuming certain conditions can be met. They include the will to establish 
agreements in order to share data between organisations and between provinces. This also 
assumes that each organisation would keep up-to-date data, and that provincial governments or 
any other acceptable organisation would collect similar information from non supply managed 
poultry productions. Finally, it would be essential to establish a process to bring all stakeholders 




The purpose of this study was to examine the feasibility of separating the commercial 
poultry industry of Ontario into at least two zones as a method of control of HPAI.  
The stepwise process used to arrive at the results used the international standards of the 
OIE as a starting point. The database used for zoning iterations is based in large part on 
data from actual production cycles, and was vetted by contacts in the Ontario poultry 
marketing boards before use. The network analysis of each type of poultry production 
identified the inputs and outputs required by each type of poultry production site, and 
served as a guide for the creation of the zoning database. This analysis can serve as a guide 
to the adjustment of the database when accounting for new production sites or removing 
sites which are no longer active; thus making the process used to arrive at the database 
more robust in the event of errors or alterations in the data. 
The results of the study indicate that there is more than one feasible border which may be 
used to divide the commercial poultry industry into zones as a method of disease control. 
Ideally, all deficits within all aspects of the commercial poultry industry would be 
eliminated by creating zones; however, this is not always possible, especially if the zones 
are designed for use during an outbreak situation. A small deficit in some productions may 
be viewed as acceptable by the industry, if the alternative to not having zones is the risk of 
a much larger deficit if the disease spreads. Realities on the ground could also alter the 
ideal placement of a zone border, if, for example, a large hatchery were to fall within the 
containment zone of an infected premises early in the outbreak. The addition or deletion of 
quota-holding production sites, or of a production site of one of the associated industries, 
may have the same effect, and thus a certain amount of fluidity when planning the zones is 
preferable.     
The four scenarios which were selected in this study do not eliminate all deficits for all 
aspects of the industry. However, they provide options which are meant to be used as a 
starting point for discussion between stakeholders as to what losses are acceptable in an 




emergency situation is of the utmost importance, and is essential for the creation and 
maintenance of zones created to control reportable animal diseases, as the articles by 
Gemmeke et al. (2008), Bowes et al. (2007), Vaillancourt (2009), and the OIE documents 
on zoning attest to.  
In order to continue the discussion among stakeholders, it would be useful for the 
commercial poultry industry to maintain more complete records of the links, on a premises 
level, between quota-holding producers, and between poultry production sites and the 
production sites of the four associated industries. A more complete network analysis would 
then provide data which may allow for more than two functionally independent zones to be 
created, as the actual paths between sites could be traced. In addition, in the event of an 
outbreak of HPAI, such data, if updated regularly, would provide insight into the possible 
paths of disease spread to seemingly unrelated production sites, and could therefore be used 
to control the outbreak more quickly. Finally, this approach, even with the current dataset, 
could be useful to a specific poultry production type (i.e., turkey industry) if they wish to 
contain a contagious agent affecting only their birds (e.g., bordetellosis). Not having to 
address the needs of the other poultry productions might provide more flexibility under 
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Annex A: Calculations for poultry industry data 
Description of the database requirements 
The criteria used to create zones is based on the stated needs of the Ontario poultry 
industry, and centers around the premise that the production capacity of four associated 
industries: feed mills, slaughter plants, hatcheries and egg grading stations, must meet the 
demands of the commercial poultry industry in that zone for it to function independently.  
All final calculations of needs and capacity of each industry are based on an 8 week cycle. 
Ontario Broiler Hatching Egg & Chick Commission: general information 
The original data provided by the Ontario Broiler Hatching Egg & Chick Commission 
(OBHECC) consisted of two databases. One database contained: 1) the license number, 2) 
type of production site, and 3) latitude/longitude (lat/long) for the hatching egg producer, 
breeder grower and spiker production sites, and the other contained: 1) the maximum 
number of birds allowed per site and 2) the lat/long for the hatching egg producer and 
breeder grower sites.  Since there was no information available on the number spiker 
roosters at each production site, and no information was forthcoming on how spiker 
roosters on a given site were shipped to hatching egg producers, the spiker production sites 
were not included in the final industry database. According to the OBHECC contact person, 
the spiker production sites comprise a small percentage of the total number of birds in the 
OBHECC system (less than 5%), and therefore an accurate assessment of the needs of the 
OBHECC quota-holding sites is possible while excluding those sites.  
Once the spiker barn data was removed, information found in the two hatching egg 
producer databases was merged using Microsoft Access 2007 (Microsoft Corp. 2006), with 
the latitude used as the common category between the two databases. This process was 
repeated in a separate file for the two breeder grower site databases. Due to missing data 
after the merge, a total of five sites were eliminated from the hatching egg producer 
database, leaving a final number of 144 production sites, and three were removed from the 
breeder grower merged database, leaving a final number of 77 production sites.   
According to the OBHECC contact person, production at OBHECC quota-holding breeder 





ensemble of sites throughout the year. The OBHECC did not disclose any information on 
the shipment dates of chicks from specific breeder grower sites to hatching egg producer 
sites, or on flocks from specific hatching egg producer sites to abattoirs, and no other 
information provided could indicate the stage of production of birds at an individual site. 
This made checking the data for geographical clusters of production sites based on the 
production stage of birds on-site impossible; however, OBHECC contact person was not 
aware of any such clusters, and stated that it was reasonable to assume that the stage of 
production over all quota-holding sites followed an even geographic dispersion.  
Due to the steady nature of production at breeder grower sites, it was assumed that the 
number of production sites at the beginning of the production cycle would be roughly equal 
to the number of production sites at the end; certain calculations were normalized according 
to this assumption, as explained below.      
OBHECC equations for final industry database 
The production cycle at OBHECC breeder grower sites is 20 weeks. The following 
calculations were required to arrive at the final data set for the OBHECC breeder grower 
production sites:  
1) Feed required at breeder grower production sites 
The feeding chart used by OBHECC breeder grower quota-holding sites was provided 
for use in the zoning study. According to the feeding chart, each breeder grower will 
consume .139 kg of feed during the first week of production, and gradually increase to 
consuming .684 kg during the 20th week. The median amount of feed consumed by each 
breeder grower per week over the 20 week production cycle of .375 kg was used to 
calculate the amount of feed required on each site every 8 weeks in the following steps: 
a. To calculate the amount of feed consumed per breeder grower every 8 weeks, the 
median amount of feed consumed per breeder grower per week of .375 kg was 
multiplied by 8, to arrive at an estimate of 3 kg of feed required per breeder grower 
during this period. 
b. To calculate the feed requirement at each breeder grower production site every 8 






c. The feed requirements of each production site were then summed to arrive at the 
total 8 week requirement of feed required for all 77 breeder grower sites.    
2) Chicks produced at breeder grower sites 
When the breeder growers are 20 weeks of age they are transferred to hatching egg 
producer sites. The number of 20 week old chicks available for transfer from each 
breeder grower site every 8 weeks was calculated in the following steps: 
a. To calculate the number of chicks alive at the end of the 20 week cycle, assuming a 
mortality rate of 4%, the maximum number of birds per site was multiplied by 96%.  
b. To calculate the number of chicks available for transfer at each production site every 
8 weeks, the number of chicks alive at the end of 20 weeks, found in Step A, was 
divided by 2.5.  
c. The numbers found in Step B were summed to arrive at the total number of chicks 
available for transfer from all 77 breeder grower sites every 8 weeks.     
 
The production cycle at hatching egg producer sites is 38 weeks. The following calculations 
were required to arrive at the final data set for the OBHECC hatching egg producer sites:  
1) Feed required at hatching egg producer sites  
The feeding chart used by OBHECC hatching egg producer quota-holding sites was 
provided for use. The median number of kilograms of feed required per bird per week, 
starting at age 21 weeks and continuing over the 38 week production cycle, of .936 
kilograms was used for feed requirement calculations. The feed required for hatching 
egg producer sites was calculated using the following steps: 
a. To calculate the amount of feed consumed per hatching egg producer every 8 weeks, 
the overall median feed requirement per bird per week of .936 kilograms was 
multiplied by 8, to arrive at the median feed requirement per bird of 7.4889 kg.  
b. To calculate the feed required per production site every 8 weeks the median feed 
requirement per bird of 7.4889 kg was multiplied by the maximum number of birds 
per site. 
c. The 8 week feed requirements of each production site were summed to arrive at the 





2) To obtain the number of breeder grower pullets required at each hatching egg producer 
site every 8 weeks, the maximum number of birds per site was divided by 4.75 (the 
number resulting from dividing the 38 week cycle by 8 weeks). 
3) To calculate the number of kilograms sent from each OBHECC hatching egg producer 
site to slaughter every 8 weeks:  
a. The maximum number of birds per site was multiplied by .035 to find the number of 
birds lost during the production cycle, assuming 3.5% mortality during the hatching 
egg cycle.   
b. That number was subtracted from the maximum number of birds per site to arrive at 
the estimated number of birds still alive at the end of the production cycle.  
c. The number found in step B, birds per site at the end of the cycle was multiplied by 
3.4 kilograms (the reported average weight of an OBHECC hatching egg producer) 
to find the number of kilograms shipped per cycle  
d. That number was divided by 4.75 to arrive at the number of kilograms shipped each 
8 weeks. 
e. The total production capacity of the abattoirs includes the birds shipped to slaughter 
from OBHECC sites.  According to information provided by the OBHECC, between 
3 and 4 flocks are shipped to slaughter each week; almost exclusively to a single 
particular abattoir.  Further information on the calculations involving abattoirs is 
described under the chicken processor section of the materials and methods.  
4) To estimate the number of dozens of eggs produced: 
a. First the maximum number of birds was multiplied by .92, because 92% of the birds 
in a breeder barn, or 12 out of every 13 birds, is female.  
b. This number was multiplied by 150, the reported estimate of the number of eggs laid 
per female.  By legal contract, 17.4% of the eggs hatched at OBHECC associated 
hatcheries are imported from the United States; however, since this percentage 
pertains overall to the hatcheries, some receive more eggs from the United States 
than others, but the information on the exact numbers per hatchery was unavailable 





c. To attempt to correct for the imbalance between the eggs sent from OBHECC sites 
and the number of eggs incubated at OBHECC hatcheries, the calculated number of 
eggs per site was multiplied by 17.4%, and this number was then added to the 
number of eggs per site.  This correction in the number of eggs over all the sites was 
reasonable according to information from the OBHECC (R. Guy, pers. Comm.), as 
each production site could reasonably increase the output of eggs if need be, since 
the current limiting factor on many sites is their quota, and many could operate at a 
higher capacity if necessary.   
d. After this re-adjustment, the adjusted estimate of the number of eggs per site was 
divided by 12 to get the number of dozens of eggs per site per cycle. 
e. Finally, the dozens of eggs found on each site was divided by 4.75 to get the total 
estimated dozens of eggs produced by OBHECC hatching egg producer sites every 8 
weeks.  
It should be noted that information on the length of the production cycle for breeders and 
egg producers, the number of eggs laid per hen, feeding charts for breeder growers and 
hatching egg producers, expected mortality, average weight of birds at the end of the 
production cycle and the average number of sites per week that shipped birds to the 
abattoir, as well as the abattoir used by most OBHECC sites, was provided by the 
OBHECC.  
OBHECC Managed Hatcheries 
The hatcheries supplied by the OBHECC with broiler hatching eggs provide chicks for 
farms that produce commercial broiler chickens.  For the purposes of the current study, the 
production capacity of eggs supplied to commercial farms that own quotas within Ontario 
and are members of the Chicken Farmers of Ontario (CFO) feather board was measured.  
Due to concerns about the proprietary nature of the information needed, very little 
information was directly provided either by the OBHECC or the CFO.  Therefore the data 
used to create the data set on hatcheries for this study were compiled from several sources.  
The sources used to compile the data consist of multiple databases that lacked some 
information, provided by the Ontario feather boards, official information from and people 





software GeoPinpoint for desktop, software version 6.4 (DMTI™ v.2007.3) and a 
description of the relationship between the hatcheries and CFO farms, including how and 
when shipments of chicks are managed, provided by contacts within the feather boards of 
Ontario.   
1) The production capacity of chicks and the number of eggs required to meet that 
production capacity was calculated via several steps, the first of which was matching 
the name of each hatchery that provided chicks to CFO farms with the physical location 
of that hatchery.  This step was necessary because, due to proprietary considerations, 
the latitude and longitude coordinates and license numbers provided by the OBHECC 
for 14 hatchery locations did not include either the hatchery name or production 
capacity.  At the same time, the CFO database provided name and the number of chicks 
shipped from each hatchery during that CFO production cycle, but contained no 
information about where the hatcheries were located in physical space.  In addition, no 
information was provided by the OBHECC about hatcheries that supplied the CFO with 
chicks but are found in Quebec, outside its purview.   
a. First, a list of the hatcheries used by the CFO was compiled and the physical 
addresses were obtained via information on federally inspected hatcheries found on 
the website of Agriculture Canada, in the Poultry Marketplace section 
(http://www.agr.gc.ca/poultry/index_e.htm).  Since many of the physical addresses 
listed on the site are in the format of the lot and number of the land plot, and the 
mailing address cannot be guaranteed to match the physical location of the hatchery, 
and employee of the Canadian Food Inspection Agency confirmed that the address 
listed on the Ag Canada website was correct and provided the street name and 
number (commonly called the “911” address) where that information was missing. 
b. Next, the hatchery addresses were typed into the geocoding software program     
GeoPinpoint for desktop, software version 6.4 (DMTI™ v.2007.3)   This program is 
designed to create a set of lat/long coordinates for an entered address.  In most cases, 
for hatcheries located in Ontario, the lat/long coordinates calculated via GeoPinpoint 
matched with a high degree of precision with a particular set of lat/long coordinates 





c. A presumed match of the name of a hatchery with a set of coordinates was possible 
for the remaining OBHECC sites with a high degree of accuracy via process of 
elimination (only one set of lat/long coordinates matched a location in a certain town 
or region where a hatchery is found, for example).  To avoid potential problems that 
can occur when using mixed coordinate systems in geospatial software, the 
coordinates calculated with GeoPinpoint were only used as a reference, and the 
lat/long coordinates provided by the OBHECC were integrated into the final 
hatchery data set, since the coordinate system used to collect them is the same as for 
the other data provided by the feather boards. 
d. A set of lat/long coordinates for hatcheries in Quebec were calculated using 
GeoPinpoint.  Two of the five addresses did not match an existing address in the 
software program with a high degree of precision, and instead a lat/long coordinate 
was assigned based on the centroid of the postal code of the address.  Since it is very 
likely that any possible separation of Ontario into zones will either encompass all 
production sites in Quebec into only one of the zones, or not include them at all, the 
scale the precision for these lat/long coordinates is acceptable. 
2) After the names of the hatcheries was matched with a set of lat/long coordinates, the 
production capacity, as measured in chicks, needed to be found.  This was done using 
two different methods, and the results of each were reconciled before the information 
was incorporated into the final data set.   
a. In the case of the large hatcheries in Ontario, information about the production 
capacity, in the form of the number of chicks per year, was obtained from a member 
of the Ontario Hatcheries Association. This number was divided by 6.5 to arrive at 
the estimated production capacity of chicks per 8 weeks. 
b. In the case all hatcheries, the number of chicks shipped out to CFO production sites 
was summed.  Since only CFO farms that are synchronized with the 8 week 
production cycle receive chicks during that cycle, the sums obtained from each 
hatchery are equal to the chicks shipped out to CFO farms for that 8 week 
production cycle.  A contact within the CFO confirmed that although the individual 





number of chicks shipped from each hatchery remains relatively stable from cycle to 
cycle; therefore, the sum of chicks shipped from each hatchery can be used to 
approximate the production capacity of hatcheries with regards to CFO sites of 
production.  Numbers of chicks exported abroad or shipped to production sites in 
other provinces could not be accurately obtained, but are irrelevant to the current 
study if the calculated hatchery production capacity can cover the reported needs for 
chicks of CFO production sites. 
3) For the final data set, the calculated number of chicks produced each 8 weeks based on 
yearly reported figures from the Ontario Hatchery Association was used when available, 
since it is reported by an accurate source and evens out any small variations from cycle 
to cycle.  In the case of hatcheries from which no yearly production capacity was 
obtained, the sum of chicks shipped, found in the CFO data set, was used in the final 
data set.  
4) This number of chicks per 8 weeks was divided by .84 to obtain the number of eggs 
required for each site to produce the calculated production capacity of chicks, because 
an 84% hatch rate was reported as the assumed hatch rate by a contact within the 
OBHECC.  
 
Chicken Farmers of Ontario (CFO) 
The member farms of the Chicken Farmers of Ontario are supplied with chicks from 
several hatcheries in Ontario and a few hatcheries located in Quebec.  The database 
supplied by the CFO contained information for an actual production cycle that took place 
between January and March of 2006.  The information contained in the CFO database 
includes name of the hatchery and the number of chicks shipped to sites that received 
chicks for that cycle, as well as the goal number of kilograms to be shipped, the goal weight 
of the broilers, and the name of the processor to receive birds from most sites.  Because the 
data supplied is for an actual production cycle, several production sites either did not 
receive any chicks or did not ship any broilers out to a processor because they were off 
timing from the CFO production cycle schedule, and thus skipped receiving a new 





ship birds to a processor change during every production cycle, it is difficult to predict 
which sites might skip receiving chicks or shipping broilers to a processor over several 
production cycles; therefore, calculating the needs and production capacity for all sites is 
necessary in order to estimate the total needs of the commercial broiler industry.  Once an 
estimation of the number of chicks required and the number of kilograms of broilers 
shipped to a processor is calculated for each site, all of the sites can be taken into account 
when estimating the potential needs of the industry; during a crisis, the sites known to be 
“off cycle” can be eliminated from calculations of requirement of chicks or processor 
capacity, or alternatively, the estimated capacity of all sites can be reduced using a 
correction factor to account for the sites that will not require shipments during a given 8 
week production cycle.  This second method has the advantage of estimating needs and 
production capacity without needing to know beforehand which of the actual sites could be 
affected with a given cycle.  The calculations for the total maximum number of birds, along 
with the goal number of kilograms to be shipped to a processor from each site that lacked 
that information, are the basis of all estimations done for the CFO production sites, and are 
explained below. 
1) The calculations used to arrive at the kilograms of feed required per production site took 
place in several steps.  According to a contact in the CFO, one quota unit closely 
approximates two kilograms.  The quota units for each production site are adjusted for 
the goal weight of the broilers produced at that site, meaning that a site that produces 
larger broilers will have fewer birds on site for the same number of quota units than a 
site that produces smaller broilers (as one 3.5 kg bird requires more quota units than one 
1.7 kg bird).   
a. The first step in calculating the amount of feed required per site was multiplying the 
quota units by 2, to arrive at approximately the number of kilograms allowed per site 
per production cycle.   
b. Assuming a feed conversion rate of 2, the estimated number of kilograms present at 
that site was multiplied by two, to arrive at the estimated feed required per site.  
Mortality was not taken into account for this calculation, as an overestimation of 





2) Because not all production sites received chicks, some farms had no data on the 
maximum number of birds allowed at that site during a production cycle, or on the 
number of “active kilograms” on site, as these numbers are calculated based on the 
number of chicks shipped.  However, according to a contact in the CFO, an assumption 
should be made that sites that did not receive chicks still had birds on site in some stage 
of production, for at least a portion of the production cycle, and therefore no site should 
be considered empty for the full production cycle.  As stated previously, the name the 
processor used by each site was provided in the database, and the goal number of 
kilograms to be shipped out at the end of the production cycle was provided for all sites 
that were “in tune” with the CFO production cycle; however even the sites that were 
missing the goal number of kilograms to be shipped were assumed to have broilers on 
site to be shipped eventually.  Before calculating the estimated number of chicks 
required by each site during each 8 week production cycle, or estimating the production 
capacity of the number of kilograms likely to be shipped from sites that were missing 
that information, an estimate for the total number of birds allowed per site and the 
number of “active kilograms” per site needed to be found, using the following steps: 
a. All the CFO production sites were separated into groups based on the goal weight of 
broilers produced at that site.  Then a further separation of the sites in each weight 
class between sites that contained all required information and sites missing 
information was done.  For all the sites that contained complete information on the 
total number of birds and goal kilograms, the total maximum number of birds 
allowed per site was divided by the quota units.  The resulting ration was added up, 
keeping within each weight class, and the average of this ratio was calculated by 
dividing this sum by the number of sites used in the calculation (this number is equal 
to the number of sites in each weight class that had complete data).  The median 
ratio in each weight class was also found.  Since the average is more sensitive to 
extreme values, and some production sites received a much smaller number of 
chicks than their quota units allowed, while a few weight categories only a very 





1.84 kg weight class, of which one site was missing information), the median ratio 
found for each weight class was used for further calculations.  
b. In each weight class, the quota units for sites missing information was multiplied by 
the median ratio of total maximum birds to quota units, in order to find an estimate 
for the total maximum number of birds for these sites.   
c. In order to approximate the “active kilograms” for sites missing this information, the 
approximation for the total maximum number of birds for each site was multiplied 
by the low end number of the weight class for broilers produced at that site (for 
example, in the case of a site that produces broilers weighing between 1.6 and 1.77 
kilograms, the estimated total maximum number of birds for that site was multiplied 
by 1.6 kilograms).  
3) Once an estimation of the total maximum number of birds per site and the “active 
kilograms” per site was calculated for all sites previously missing this information, the 
number of chicks required for each site and the estimated number of kilograms shipped 
to processors over all CFO sites could be calculated.  According to information 
provided by the CFO, the hatcheries and poultry processors associated with the CFO 
tend to operate at or near capacity.  Therefore, simply adding the requirements of chicks 
and of processing capacity for all the CFO production, without considering that some 
sites will skip receiving chicks or shipping broilers during a given production cycle, will 
result in an overestimation of the requirements of the broiler industry and will likely 
outstrip the real-time ability of hatcheries and processors to supply all the commercial 
broiler production sites in a given area.  A corrective factor was therefore added to the 
calculations for the number of chicks required per site and for the number of kilograms 
of each weight class shipped to processors during a given cycle. 
a. The following steps were used to determine the number of chicks required per site 
for a given 8 week production cycle: The production sites were grouped together 
based on the weight class of broilers produced at the site.  The total maximum 
number of birds over the entire weight class was added up, including only the sites 





maximum number of birds was then recalculated while including the estimated 
number found for all of the sites that were previously missing that information. 
i. Separated by weight class, the total maximum number of birds included in the 
original database was divided by the new number, which includes estimates for 
sites that did not receive chicks during the production cycle listed in the CFO 
database.  As stated before, according to information provided by the CFO, the 
overall production capacity of hatcheries and processors is at or near capacity, and 
stays stable over production cycles.  Contacts within the CFO also stated that the 
variation between cycles of the numbers of chicks required and the number of 
kilograms of broilers shipped out from production sites is minimal and coincides 
with the hatchery and processor capacity; in other words, the specific sites that are 
“off cycle” will vary with the production cycle, but the overall needs and capacity 
of the commercial broiler industry is stable.  If these underlying assumptions are 
accepted, then the percentage that results from dividing the original total 
maximum number of birds by the estimated full production capacity of CFO sites, 
including sites that were “off cycle” and did not receive chicks for the production 
cycle provided in the database, represents an estimate of the percentage of the 
total CFO production capacity within a given weight class that is “on cycle,” for a 
given 8 week production cycle. 
1. In order to provide an estimate of the number of chicks required for all of the 
production sites in a given weight class, while at the same time taking into 
account the fact that only a certain percentage of the total potential production 
capacity for that weight class is actually activated during any given cycle, a 
corrective factor was applied.  While again separating the sites based on 
weight class of broilers produced, the total maximum number of birds for all 
sites, including both the sites for which the information was provided in the 
CFO database, and the sites for which an estimate was calculated, was 
multiplied by the percentage of the total production capacity that is active over 
that weight class (To illustrate an example, for the weight class of 1.6-1.77 kg 





7,402,687, was divided by the total potential production within that weight 
class, estimated at 8,310,768, yielding 89%.) 
2.   This result of 89% can be assumed to be the percentage of production 
capacity within this weight class that generally is “on cycle,” and therefore 
receives chicks over a given production cycle.  The total maximum number of 
birds for each site was multiplied by 89%, providing an estimate of the 
number of chicks required during each 8 week production cycle for all of the 
production sites that ship broilers weighing from 1.6 to 1.77 kg, while keeping 
the total number of chicks consistent with the number actually shipped, since 
the number of chicks actually shipped during a production cycle is reported to 
be close to or at capacity for the hatcheries. 
3. This process was repeated for production sites in each of the weight classes; 
the corrective factor for each weight class was the percentage of the total 
potential maximum number of birds that was originally provided in the CFO 
database. 
b. To approximate the production capacity of kilograms shipped to a processor for each 
weight class of broiler, a similar process was followed to that used to determine the 
number of chicks required per production site. 
i. In each weight class, the total goal number of kilograms for each production site 
that was provided in the original CFO database was added together.  It should be 
noted that the number of “active kilograms” for each of these production sites is 
equal to the goal number of kilograms to be shipped. 
ii. For the production sites missing data on the goal number of kilograms to be 
shipped, the estimated number of “active kilograms” was considered equal to the 
goal number of kilograms.  The total potential number of kilograms, including all 
sites within each weight class, was added, and the number of kilograms included 
in the original CFO database was divided by total potential capacity, to yield the 
percentage of production capacity of kilograms that is “on cycle” in each weight 
class. (To continue with the example mentioned previously, for production sites 





capacity provided in the CFO database, of 11,419,241, was divided by the total 
potential capacity of 12,872,172, yielding 88%). 
iii. The goal number of kilograms for each production site within this weight class 
was multiplied by 88%, to provide an estimate of the production capacity for each 
site while keeping the total number of kilograms equal to the total number 
provided in the CFO database, which approximates the total processor capacity 
for that weight class. 
iv. The same procedure was done for each weight class of broiler produced to 
complete the calculations for the number of kilograms expected to be shipped per 
site. 
Chicken Processors for Ontario Poultry Industry 
There are a number of poultry processors (which are also referred to as abattoirs in this 
document) that receive shipments of broilers from CFO production sites.  Most of these 
abattoirs are located in Ontario but a small number are found in the province of Quebec.  In 
addition to the production capacity of the CFO sites, spent hens from the Egg Farmers of 
Ontario (EFO) production sites and broiler breeders from the OBHECC are also shipped to 
some of these abattoirs.  For this reason, the production capacity of abattoirs was calculated 
based on the production capacity not only of the CFO sites but also based on the number 
and size of birds shipped from the EFO and OBHECC (which represents a stable number 
shipped each week).  Chicken processors are limited in the size of birds they can process, 
based on the weight of the birds, and as previously stated, the original CFO database 
contained the goal size of broilers produced at all production sites, as well as the goal 
number of kilograms and the name of the processor used by each site that was “on cycle.”  
Another document provided by the CFO contained the name, latitude/longitude 
coordinates, type of processing plant (primary, custom kill, etc) and the type of inspection 
(federal or provincial) of many of the processors listed in the CFO database; however, the 
production capacity of each of these processors was not provided in any of the documents 
provided, and could only be estimated based on the expected number of kilograms shipped 





process chicken associated with the commercial poultry industry in Ontario involved 
several steps, roughly consisting of obtaining lat/long coordinates for some abattoirs, 
categorizing the production capacity of the abattoirs based on the weight class of chicken 
they can accept, and adding the CFO production with the expected capacity from the EFO 
and the OBHECC. 
1) The first step in estimating the production capacity of abattoirs that process chicken was 
listing all of the abattoirs used by the CFO, EFO and OBHECC, and obtaining the 
missing lat/long coordinates for some of the abattoirs.   
a. Out of a total of 36 abattoirs, lat/long coordinates from the CFO were missing from 
13.  Coordinates for some abattoirs, which also process turkey, were contained in the 
processor database provided by the TFO and were added to the chicken processor 
database. 
b. Once the addresses of the remaining sites were obtained using the procedure 
described below, their coordinates were found using the commercially available 
program GeoPinpoint (DMTI v. 6.4), and added into the chicken database.   
i. Before geocoding the lat/long coordinates, the physical addresses of federally 
inspected abattoirs were obtained from the list found in the Poultry Marketplace 
section of the Agriculture Canada website 
(http://www.agr.gc.ca/poultry/index_e.htm), and were confirmed by an employee 
of the Canadian Food Inspection Agency familiar with the poultry processing 
industry.  Addresses of provincially inspected abattoirs were found via the 
website of the Ontario Ministry of Agriculture, Food and Rural Affairs 
(OMAFRA) 
(http://www.omafra.gov.on.ca/english/food/inspection/meatinsp/licenced_operato
rs_list.htm#poultry) and confirmed by an employee of the OMAFRA.   
c. Once a set of lat/long coordinates was obtained for each abattoir, the official license 
number (either federal or provincial) was attached to each site, in order to facilitate 
any further inquiries into the type of processing done at that location.  
2) After lat/long coordinates were found for each site, a production capacity was assigned.  





EFO are all processed at the same plants.  As stated before, the goal number of 
kilograms sent from CFO sites during a given production cycle were assumed to 
represent something close to the total production capacity for each processor within 
each weight class, according to information provided by the CFO.  As a known, steady 
quantity of birds is sent primarily to a specific processor from the OBHECC and EFO 
sites every week, the basis for the production capacity calculations was information 
from the CFO database, and the estimated quantity supplied by OBHECC and EFO 
farms was added on to this base number. 
a. The first step in finding processor production capacity was adding up the goal 
number of kilograms to be shipped to a processor within each weight class, 
according to the original CFO database.  The original numbers of goal kilograms 
shipped per processor for each weight class was assumed to represent that 
processors’ total production capacity for each 8 week production cycle. 
b. After the number of kilograms per processor was summed from the original weight 
classes listed within the CFO database, and these weight classes were regrouped into 
categories that more closely represent the likely practical limits of the size of birds 
that a given site could accept, according to an industry contact (R. Guy, pers. 
Comm.).  The four new weight categories are: Category 1: (1.6-1.95 kg), Category 2 
(1.951-2.45 kg), Category 3 (2.451-3.2 kg), and Category 4 (3.21-4 kg). 
c. Where applicable, the total number of kilograms in each original weight class for a 
given processor was combined (for example, the number of kilograms in the 1.6-177 
kg and 1.77-1.84 kg weight classes were added together under the new Category 1 
weight class, if a processor received shipments from both categories).  Combining 
the total kilograms under the new four categories resulted in the final processor 
production capacity estimate with regards to the CFO production capacity. 
i. The adjustments made in the estimated number of kilograms shipped from each 
CFO site, to provide an estimate for all CFO sites, including sites that were “off 
cycle.” These adjustments are described above.  
d. Calculating the production capacity of birds from the OBHECC that are sent to 





i. According to a contact in the OBHECC, three to four flocks are sent shipped to be 
processed per week, and almost all of those birds go to a specific abattoir.  The 
average size of a hatching egg producer at the end of the production cycle is 3.4 
kg, meaning all birds shipped form OBHECC sites must be processed by 
Category 4 abattoirs.   
ii. The first step to arrive at the actual number of kilograms shipped from OBHECC 
sites every 8 weeks, was to calculate the median number of birds in a hatching egg 
producer flock, which was found to be 11, 202. 
1. If a mortality of 4% is assumed over the production cycle, then the median 
number of birds per flock at the end of the cycle is 10,754, which, when 
multiplied by the average size of 3.4 kg, yields 36, 563 kg per flock 
iii. Multiplying the number of kilograms per flock by 4 yields a large estimate of the 
number of kilograms shipped from OBHECC farms per week of 146,252 
kilograms. 
iv. Multiplying the number of kilograms shipped by OBHECC farms per week by 
eight provided the final production capacity kilograms shipped from OBHECC 
farms over 8 weeks. 
v. This number, 1, 170, 021, was added on to the production capacity of the specific 
Category 4 abattoir that receives most of the OBHECC birds.  
e. Spent hens from the EFO system weigh very little, and therefore the production 
capacity of spent hens was included in the Category 1 processor production 
capacity.  According to a contact within the EFO (M. Beaven, pers. Comm.), 
140,000 kg of spent hens are sent to a specific abattoir every week.  Multiplying this 
number by 8 provides the estimated processor production capacity for EFO farms. 
i. A description of the calculations used to estimate the number of kilograms 








Egg Farmers of Ontario (EFO) 
The original databases provided by the EFO consisted of four spreadsheets; of these, two 
contained data for pullet sites and two contained data for layer sites.  One set of databases 
had the ID number, name, and production quota for each production site, and the second set 
consisted of the ID number, type of site (pullet or layer), and lat/long coordinates.  The 
information from these two databases was merged, creating one database for pullet sites 
and another for layer sites.  Fewer than ten sites were eliminated from the EFO database 
due to missing information.   
The needs and production capacity of the pullet sites of production were calculated in 
several steps, beginning with the number of chicks required for each site every 8 weeks. 
1) The quota number listed in the EFO databases are on a “per year” basis. The estimated 
number of chicks required at a given site every 8 weeks was found by dividing the 
quota number of that site by 6.5. 
2) The production cycle for the EFO is not linked to the calendar year, so the pullet sites 
within the system will all be in different stages of the 19 week cycle at any given point 
in time.  Due to this reality, the median amount of feed required by pullets over the 19 
week production cycle was calculated.  First, feeding charts for several lines of 
commercial layers commonly used in Ontario were consulted, via the two parent 
company websites: 
a. Lohmann Tierzucht (http://www.ltz.de/html/index_0_gb.html) and  
b. Hendrix Genetics  (http://www.hendrix-
genetics.com/layerbreeding/template.php?languageId=1)  
c. The median feed requirements over the 19 week cycle, in terms of kilograms of feed 
per bird per week, were recorded for these common lines of commercial layers.  
This number was then multiplied by 8, to arrive at the median amount of feed 
required over 8 weeks for each line. 
d. Finally, the average of this number over all the lines recorded was taken, and found 
to be 3.2 kg. 
e. The number of pullets per 8 weeks per site was multiplied by 3.2 kg, finally arriving 





3) The last calculation performed on this database was the production capacity of pullets 
available to transport to layer sites. 
a. The mortality over the 19 week production cycle is estimated at 4%.  The calculated 
number of pullets per site over 8 weeks was multiplied by .04, to obtain the 
mortality per site.  To obtain the number of pullets expected to be shipped to the 
layer sites every 8 weeks, the mortality per site on pullet farms was subtracted from 
the number of pullets per site every 8 weeks. 
Calculations for the EFO layer sites also required several steps. 
1) The quota number of birds per layer site was listed on a “per year” basis.  This number 
was divided by 6.5 to obtain the number of pullets required per site every 8 weeks. 
2) Each layer is expected to eat 100 grams per day during the production cycle, according 
to the EFO (M. Beaven, pers. Comm.).  The calculated number of birds per site over 8 
weeks was multiplied by 100 to obtain the amount of feed needed per day, and this 
number was multiplied by 56 to obtain the feed needed for each layer site every 8 
weeks. 
3) Each layer hen produces 25.6 dozen eggs over the production cycle. A series of 
calculations were done to ascertain the number of dozens of eggs produced at each site 
during 8 weeks.   
a. First, the number of layers per site per year was multiplied by 25.6, to arrive at the 
total number of dozen per site. 
b. To calculate the number of dozens per site per 8 weeks, the number of dozens of 
eggs per year was divided by 6.5 
4) The last calculation in this database was for the number of kilograms sent to chicken 
abattoirs in Ontario.  According to the EFO, 140,000 spent hens from EFO production 
sites are processed each week, and almost all of them go to one specific abattoir.  The 
estimate of the abattoir production capacity for EFO sites per 8 weeks was directly 
calculated from the number of spent hens reported shipped, while the estimate of spent 
hens shipped per site is based on the quota number for each site.  The difference 





kilograms shipped from EFO sites every 8 weeks, 1,740,066 kilograms, is about 52,000 
kilograms.  This difference is considered reasonable given biological variations; 
therefore, these estimates were entered into the final database without further 
manipulation.   
a. First, the number of birds per site sent from each site was calculated.  Assuming a 
mortality of 4%, the number of layers per site was multiplied by .04, to find the 
mortality in terms of number of layers per site. 
i. This number was subtracted by the quota number of layers per site, to arrive at 
the estimated number of layers per site that will be shipped to an abattoir as 
spent hens. 
ii. To capacity of chicken abattoirs is in kilograms per abattoir.  To calculate the 
number of kilograms shipped per site, the estimated number of birds per site 
was multiplied by 1.6 kilograms, as the vast majority of spent hens will fall into 
the abattoir weight category of 1.6-1.77 kilograms. 
iii. The number of kilograms per site was divided by 6.5, to give an estimate of the 
number of kilograms shipped per site over 8 weeks.  The total number of 
kilograms estimated to be shipped from EFO layer sites is 1,740,066. 
b. To calculate production capacity of number of kilograms from EFO for the specific 
abattoir where most spent hens are shipped: 
i.  First the number of birds shipped per week, 140,000, was multiplied by 1.6 
kilograms, yielding 224, 000 kilograms per week. 
ii. The capacity per week, 224,000 kilograms, was multiplied by 8 weeks, for an 
estimated capacity of 1,792,000 kilograms of spent hen shipped per 8 weeks. 
iii. This number was added to the total production capacity for the Category 1 
weight class (1.6- 1.95 kg) of the abattoir where most spent hens are shipped.       
 
Grading Capacity Estimates for EFO-associated Egg Grading Stations 
Any eggs destined for human consumption must be graded before leaving their province of 





a very small number intended for personal consumption, are graded at egg grading stations 
within Ontario.  These egg grading stations operate independently from the EFO.  As a 
consequence, very little information is available directly from the EFO regarding their 
grading capacity or their location.  The database of information on egg grading stations had 
to be constructed almost exclusively via third party sources, though contacts within the 
EFO were very helpful in confirming much of this information.  
1) The first step in constructing the egg grading station data set used in the final zoning 
database was to obtain a list of all the grading stations in the province of Ontario  After 
a the list was complete, lat/long coordinates were assigned to each of these sites.  
a. Since all egg grading stations are federally inspected, a complete list of stations in 
Ontario was found on the Agriculture Canada Poultry Marketplace website, 
(http://www.agr.gc.ca/poultry/esta-entr_egr_e.htm#ON). A contact within the EFO 
confirmed the active stations from this list, and added the addresses of a few new 
sites, thus completing the list used in the final database. 
b. Although the EFO plans to collect the lat/long coordinates of the egg grading 
stations in Ontario, this had not been done by the time the database was constructed.  
Assigning lat/long coordinates to all of the grading stations used in the final 
database was done in two steps.  First, the names of all the listed grading stations 
were cross-checked with the names of quota holders within the EFO system.  A list 
of potential links between EFO quota holders and grading stations was compiled and 
sent to a contact within the EFO for confirmation.   
i. A total of 22 stations were confirmed to be located on EFO quota holder 
production sites.  Since the lat/long coordinates obtained by the feather boards 
are preferable to coordinates obtained via other methods, the lat/long 
coordinates for these 22 EFO production sites were used in the database as the 
lat/long coordinates for the egg grading stations located on those production 
sites.   
c. The addresses for the remaining 51 grading stations were entered into a database, 
and were geocoded using the commercially available geocoding software program 





2) Once lat/long coordinates were assigned to all of the grading stations, an estimate of 
production capacity (in terms of dozens of eggs per 8 weeks) was obtained.  
a. A contact within the EFO provided an estimate of production capacity for 36 of the 
73 grading stations in Ontario.  These estimates were listed either in terms of 
“dozens of eggs for 2007” or “dozens of eggs per production cycle.”  According to 
the EFO, the layer production cycle is 41 weeks (the birds are in layer barns from 19 
weeks of age to 60 weeks of age). 
i. To arrive at an estimate of dozens of eggs per 8 weeks, first the capacity of 
“dozens of eggs for 2007” was divided by 6.5 for all sites which contained this 
information. 
ii. Next, the capacity of dozens of eggs per 8 weeks was calculated for all sites 
which only contained the estimated capacity of “dozens of eggs per production 
cycle.”  To arrive at this capacity per 8 weeks, the number of dozens of eggs per 
production cycle was divided by 5.125, which is the number derived from 
dividing the 41 week production cycle by 8 weeks.   
b. After these calculations were completed, an estimate for the production capacity was 
missing for 37 of the 73 grading stations.  The two possible choices of how to deal 
with these grading stations were: A) To choose to completely omit them from the 
final data set; or B) To derive an estimation of their capacity based on the 
production estimates of EFO layer sites.  Since all 37 of these grading stations are 
known to be active, omitting them from the final data set due to missing information 
poses the risk of skewing the final borders of zones.  It should be noted that the 
grading stations for which the EFO was able to obtain an estimated grading capacity 
very likely contains most of the large grading stations in Ontario.  However, the 
total production capacity of eggs from EFO layer sites is very obviously larger than 
the grading capacity of the 36 grading stations for which estimates were obtained; 
therefore, omitting the other 37 grading stations from the final data set guarantees a 
lack of capacity to grade all of the eggs produced within the province, unless a 
corrective factor is applied.  It is logical to assume that the grading stations are 





falsely overstating the grading capacity for the grading stations left in the database.  
Because of these difficulties, the decision was made to estimate the grading capacity 
for the 37 grading stations missing this information. 
i. The total production capacity of eggs for all EFO layer sites every 8 weeks was 
calculated to be 29,001,106 dozens. 
ii. The total grading capacity of the 36 grading stations with a reported estimate, 
28,346,762 dozen eggs every 8 weeks, was subtracted from the total production 
capacity of EFO layer sites, to result in a surplus of 8,435,128 dozen eggs from 
EFO layer sites. 
iii. This surplus production capacity was divided by 37, and each of the 37 grading 
stations lacking a capacity estimate was assigned a capacity of 227,976 dozen 
eggs every 8 weeks. 
 
EFO Hatchery Capacity 
Almost all of the eggs for the EFO production sites come from two hatcheries in Ontario, 
Archer’s Poultry Farm and McKinley’s.  In addition, two hatcheries in Quebec import 
chicks into Ontario.  No information about the production capacity or location of these two 
hatcheries was made available from the feather boards. 
1) To find lat/long coordinates of Archers and McKinley’s hatcheries, the addresses were 
found on the Agriculture Canada Poultry Marketplace website 
(http://www.agr.gc.ca/poultry/).  These addresses were geocoded using the 
commercially available geocoding software GeoPinPoint (DMTI). 
a. The lat/long coordinates for the two hatcheries in Quebec that supply EFO farms 
were already in the final database, because they supply broiler chicks to the 
OBHECC-associated hatcheries.  
2) A contact familiar with the poultry industry in Ontario reported the yearly production 
capacity of chicks from Archers and McKinley’s, and reported that the two hatcheries in 
Quebec import a half million chicks into Ontario per year.   
a. The yearly chick capacity for Archers and McKinley’s was divided by 6.5 to arrive 





b. Each hatchery in Quebec was assumed to import 250,000 chicks yearly into Ontario.  
This number was divided by 6.5, for a final estimated capacity of 38,461 chicks 
imported every 8 weeks. 
c. The hatch rate of 84% for layer hatching eggs listed on several producer websites.  
The production capacity of chicks per 8 weeks for each hatchery was divided by .84 
to estimate the number of eggs necessary for that level of chick production.    
 
Feed Mills Supplying Ontario Poultry Industry 
Very little information on the feed mills that supply the commercial poultry industry in 
Ontario was provided by the feather boards.  However, they were able to put us in contact 
with a representative of the Ontario Agri-Business Association (OABA).  Membership in 
this organization is voluntary; however, according to the contact from OABA, the 
production capacity of the member feed mills represents over 90% of the capacity of 
poultry feed production in Ontario.  In order to gather data about feed mills, an information 
packet about the zoning study was prepared for members of the OABA.  This packet 
included a survey, which was created with the input of the OABA representative, asking 
about the production capacity of member feed mills.  A copy of the OABA information 
packet is included as an appendix. 
1) The survey was distributed to OABA members via their representative.  A total of 15 
separate feed companies responded to the survey.  The contact person from the OABA 
confirmed that the production capacity of the responding companies represents over 
90% of the poultry feed production in Ontario.  After receiving the initial responses, 
each mill was contacted by phone with follow-up questions.  The following are the main 
points discussed during the follow-up conversations:    
a. Verification of the complete address of each feed mill.  This step was especially 
necessary in the case of feed companies that produce feed at multiple locations. 
b. Each feed company with multiple locations was asked to confirm the production 
capacity of each location, in metric tonnes per day, as well as the types of poultry 





only their total production capacity, or neglected to specify which of their mills 
could produce each type of feed. 
c. Mills were asked to list the census divisions (commonly called counties) where they 
currently deliver feed.  In many cases, a general answer such as “all of south-east 
Ontario” was given.  In others, the respondents listed census sub-divisions, or listed 
a census division that no longer exists.  Information on the delivery range of each 
mill, based on the 2006 census divisions, was important to obtain before beginning 
the spatial analysis.  The geographical information used for spatial analysis was 
obtained from Statistics Canada, and uses the 2006 census division lat/long 
coordinates and naming conventions.  Expressing the feed mill delivery range in 
terms of 2006 of census divisions allowed that data set to be merged with the 
geographical information from Statistics Canada.  This time-consuming step was 
completed in several stages.    
i. Feed mills with an unclear delivery range were identified.  To clarify the 
distribution range for these mills, survey respondents were sent a list of 2006 
federal census divisions corresponding to the information they provided  
1. For example, one respondent listed “Russell” as a county within their 
distribution range.  “Russell” was once an independent census division, but 
is now sub-division of “Russell and Prescott.”  The respondent was asked to 
confirm that their response of “Russell County” corresponds to a subdivision 
of “Russell and Prescott.”   
2. In instances where respondents listed a geographical area (such as “all of 
south-east Ontario”), a list of census divisions in that area of Ontario were 
forwarded to the respondent.  They were asked to confirm which census 
divisions from the provided list make up the delivery range. 
2) After clarifying the survey responses, geographical coordinates needed to be assigned to 
each feed mill location.   
a. A set of lat/long coordinates including the name of the feed company, but no address 
information, was included in the Turkey Farmers of Ontario database for 18 of the 





not allow the production capacity of each location to be accurately matched with the 
physical location of the mill (For example, one feed company has 4 locations, but 
one of the locations is capable of producing over 800 metric tonnes of feed per day, 
while another is only able to produce about 100 tonnes per day.  Assigning the 
wrong production capacity to a set of lat/long coordinates for this feed company 
could negatively affect the estimates of feed production within a given area, 
especially if the mills are located relatively far away from each other, and therefore 
could alter the assumptions on which the final zone line is drawn.) 
b. To clarify which coordinates provided by the TFO matched with a specific address, 
the complete address of each mill location was entered into the GeoPinPoint 
geocoding software program.  The lat/long coordinates calculated by GeoPinPoint 
were then compared with the coordinates provided by the TFO, and the appropriate 
address was assigned to the lat/long coordinates found in the TFO database.   
c. A set of lat/long coordinates for the remaining 8 mill locations was found by 
entering the complete addresses into the GeoPinPoint geocoding software program. 
 
Turkey Farmers of Ontario (TFO)  
Several databases were originally provided by the Turkey Farmers of Ontario (TFO).  
These include: a database with information on feed mills that supply turkey producers in 
Ontario; a separate database of the lat/long coordinates of all processors that received birds 
from TFO production sites in 2006; and a database listing lat/long coordinates for all 
hatcheries that hatch turkeys, including birds for small, non-commercial flocks.  Each set of 
lat/long coordinates listed in all of the above databases were associated with an 
identification number, but included neither information on the site production capacity nor 
the name of the company associated with each site. In addition to these databases, a single 
database containing information on all turkey producers Ontario, consisting of both 
commercial production and primary breeders, was also provided.   The utilization of the 
TFO feed mill database has been previously described.  Several calculations were 





A single database provided by the TFO contained information on all turkey production in 
Ontario.  The information in the original database included: a set of lat/long coordinates for 
each site of production, associated with the identification number of the quota holder; the 
production quota for each site, listed in terms of the number of turkeys allowed per year; a 
description of the type of production at each site; and the number of barns located on each 
site.  It should be noted that in the TFO database, the set of lat/long coordinates for a “site” 
includes all of the building located at the same address and physical location.  For 
commercial production sites, GPS coordinates were taken from the approximate center of 
the site; in the case of breeder sites, GPS coordinates were taken from the road entrance 
onto the site, and were later extrapolated to the center of the site.  The description of the 
type of production found at each site was quite detailed; the description of commercial 
farms included the size of turkeys produced on-site (broilers, hens, toms, or a combination), 
and all breeder site descriptions included the type and sex of breeders found at that location 
(primary, grandparent, or parent layers or toms), as well as to which hatchery the majority 
eggs from that site are sent. 
The original database was divided into several smaller databases to simplify calculations of 
the requirements and production capacity of turkey production sites.  First, all of the 
commercial turkey production sites were separated from the breeder sites.  Next, the 
breeder production sites were further separated.  The identification number listed by the 
TFO includes the first three letters of a quota holders’ last name; this permitted breeder 
sites to be divided based on the quota holder.  A total of five “working” databases were 
created from the original TFO database: one containing all of the commercial turkey 
production sites, and four separate turkey breeder databases. 
 
Commercial turkey production in Ontario is based on three weight classes of turkeys, 
moving from the lightest, the broilers, to hens, to the heaviest class, the toms; tom turkeys 
have a separate TFO quota from broiler and hen turkeys.  A production site that holds quota 
for broilers/hens may ship the birds as broilers or keep them until they are hens, provided 
there is enough space on site to provide for the legally mandated amount of space per 





the total number of birds per site per year, and did not differentiate the head per year based 
on either the type of quota or the weight classes produced at each site.   
1) Many of the calculations performed on TFO commercial production sites were 
dependent on the weight of the turkeys.  Therefore, before any calculations were 
completed, the total number of birds was modified for each site which produces more 
than one weight class.  Since no information on how many turkeys of each weight class 
was produced per site, an assumption was made that the total number of turkeys on site 
was divided equally among the weight classes produced. This assumption was deemed 
reasonable by an TFO contact (G. Morrison, pers. Comm.). 
a. All of the commercial sites that produce more than one weight class of turkey were 
moved into a separate database for the ease of manipulation of data  
i. The total head per year listed for all sites producing two classes of turkey was 
divided by two 
ii. The total head per year listed for all sites producing three weight classes was 
divided by three 
b. Making the assumption that the number of turkeys of each size produced on a given 
site is evenly divided has implications for the final results of the spatial analysis.  
Turkey production is not evenly spaced out throughout the year, as is the case with 
broiler chicken and egg production, but peaks between Thanksgiving and Christmas.  
According to the TFO, if a given site holds a quota for broiler and hen turkeys, the 
number of each size of bird shipped to abattoirs may vary with the time of the year, 
even if that site has the space to keep the entire quota until they are hens.  
Additionally, for sites that hold a quota for both toms and broiler/hen turkeys, there 
is no guarantee that the quota is evenly split.  However, a contact within the TFO 
confirmed that this assumption is a valid method of approximating the production at 
sites with mixed production, given the variation in production during the year, and 
the fact the quota for each type of production is unknown.       
c. Once the assumed number of turkeys in each weight class was established, the other 






2) An additional adjustment was necessary for all calculations made for commercial TFO 
production sites, to take into account the uneven production during different times of 
the year.  According to a contact within the TFO, peak production occurs between the 
beginning of June and the third week of December (Christmas day), whereas the period 
from January to the end of May is the slowest production period of the year. 
a. The peak production period was therefore assumed to be 30 weeks long (from June 
to Christmas), and the off-peak production period was assumed to be 22 weeks long 
(from the beginning of January to the end of May) 
b. According to a contact within the TFO, it is conservative to estimate that 60% of the 
total turkey production for the year occurs during peak production, and 40% occurs 
during off-peak production. 
i. The final calculations for the TFO commercial database were therefore adjusted 
to reflect this reality, as is described in detail within each section of calculations 
completed on the TFO database.    
c. In all cases where seasonal production variation was taken into account, the 
estimates included in the final database were for a period of 8 weeks during the peak 
production season. 
3) The calculation of feed requirements for each TFO commercial site is dependent on the 
weight of the turkeys produced at that site.  Feed requirements, which were calculated 
in several steps, were based on the production quota of birds allowed per site.  Mortality 
throughout the production cycle was not taken into account when calculating the feed 
requirements. 
a. Feed conversion ratios for each weight class of turkey were found under the 
“Production” link of the TFO website (www.turkeyfarmers.on.ca) 
i. These feed conversion ratios are, in kilogrammes: 2.13 for broilers, 2.29 for 
hens, and 2.68 for toms.  
b. For each commercial site producing only broilers, the total head per year was 






i. This process was then completed for each site that produces only hen turkeys, 
where the total head per year per site was multiplied by a feed conversion ratio 
of 2.29. 
ii. Finally, the feed requirement for each site only producing toms was found by 
multiplying the total head per year per site by a feed conversion ratio of 2.68. 
c. The feed requirements for production sites that produce more than weight class of 
turkey was calculated as follows: 
i. The assumed number of turkeys in each weight class was multiplied by the 
appropriate feed conversion ratios.   
1. As an example, a site that produces broiler and tom turkeys, and is allowed 
1000 total head per year, is assumed to produce 500 broilers and 500 toms 
per year.  The assumed number of broilers on site, 500, was multiplied by 
the feed conversion ratio of 2.13, and the assumed number of toms on site, 
500, was multiplied by the feed conversion ratio of 2.68  
ii. The resulting feed requirement for each weight class of turkey produced was 
summed, arriving at the total feed requirement for that site, in kilogrammes per 
year. 
d. Once the feed requirement for each site was calculated for the year, the adjustment 
was completed to take into account the uneven production during the year. 
i. The total feed requirement was multiplied by 0.4 and by 0.6, to approximate the 
requirements during off-peak and peak production respectively. 
ii. The calculated number of kilogrammes of feed needed during the 22 week off-
peak production period was divided by 2.75, to arrive at the off-peak feed 
requirement per 8 weeks. 
iii. The calculated feed requirement for the 30 week peak production period was 
divided by 3.75, to arrive at the feed required every 8 weeks during peak 
production.   
e. The feed requirement per 8 weeks during peak production for each commercial TFO 





4) The number of chicks required for each commercial production site every 8 weeks was 
calculated in several steps. 
a.  First, the total head per year per site was multiplied by 0.6 and by 0.4, to reflect the 
different estimated number of chicks required by each site during peak and off-peak 
seasons respectively. 
b. Next, the estimated number of chicks per site during peak season was divided by 
3.75, for an estimated number of chicks required every 8 weeks during peak season. 
c. The estimated number of chicks shipped to each site during off-peak season was 
divided by 2.75, to equal the estimate of chicks shipped every 8 weeks during the 
off-peak season.  
d. The estimated requirement of chicks per site during 8 weeks of peak production was 
included in the final database.   
5) The number of kilogrammes shipped from each commercial TFO production site to 
abattoirs required several calculations.  No information on the production capacity of 
each commercial site was provided by the TFO; therefore the number of kilogrammes 
shipped per site had to be estimated from the total number of turkeys allowed at each 
site per year.     
a. As a first step, the mortality during the production cycle was calculated for each site.  
A contact within the TFO confirmed that an estimated mortality of 7% over all the 
weight classes of commercial turkey production was appropriate. 
i. The total head per year per site was multiplied by 0.07 to find the estimated on-
site mortality. 
ii. This number was then subtracted from the total head per year to arrive at the 
final number of turkeys expected to be shipped from each production site.  
b. The average weight of each weight class of turkey was found on the TFO website 
(www.turkeyfarmers.on.ca)   
i. According to the TFO website at the time the database was finalized, the 
average weight of a broiler turkey was 5.25 kilogrammes, the average weight of 
a hen was 7.34 kilogrammes, and the average weight of a tom was 14.11 





c. An estimated number of kilogrammes shipped was first calculated for commercial 
sites producing only one weight class. 
i. The estimated head per year for each broiler site, assuming 7% mortality during 
the production cycle, was multiplied by 5.25 kilogrammes, to arrive at the 
estimated production capacity in kilogrammes per year. 
ii. Again assuming 7% mortality over the production cycle, the estimated head per 
year for each hen production site was multiplied by 7.34 kilogrammes, to arrive 
at the hen production capacity in kilogrammes per year. 
iii. Finally the estimated head per year for tom production sites, assuming 7% 
mortality, was multiplied by 14.11 kilogrammes, for the final production 
capacity in kilogrammes per year. 
d. Next, an estimated production capacity for production sites that produce more than 





Annex B Information packet for members of the Ontario 
Agri-Business Association 
Introduction to zoning for OABA members 
What is zoning and why is it useful? 
Zoning has been identified as a very effective tool to control highly contagious diseases in 
modern animal production. Creation of zones, combined with appropriate surveillance and 
biosecurity measures, can result in improved disease control by separating a population of 
animals into two or more sub-populations. In the case of an epidemic, rapid zone 
implementation can prevent the disease from moving from one geographic area to another, 
thus restricting the area and the number of animals affected. This can greatly reduce both 
the cost and time involved in disease eradication, and diminishes the economic impact of 
the outbreak. Because of this, having a plan to implement this disease control strategy could 
affect insurance premiums if these were to be implemented in Ontario. Zoning schemes are 
being studied in many countries as a measure to control several contagious diseases, in 
particular since the successful use of zoning in the Netherlands in 2001 during a Foot-and-
Mouth disease epidemic. It has been successfully implemented as well for tuberculosis in 
wild and domestic cloven-hoofed animals in Michigan and New Zealand.   
Zoning and the poultry industry of Ontario 
The Poultry Industry Council and the Canadian Agricultural Council have both funded this 
project. It is designed to evaluate the feasibility of using zoning in Ontario. This industry-
lead project will determine whether Ontario can be divided into at least two zones in the 
event of an outbreak of highly pathogenic avian influenza (HPAI). Transportation linked to 
commercial poultry production would not be allowed between zones during the outbreak or 
clean-up period. Creating independent zones for the commercial poultry industry in Ontario 
is dependent on activities related to processors, egg grading stations, hatcheries and feed 
mills, and is only possible if each of these industries has enough within-zone capacity to 
maintain production. 
The feather boards provided us with databases containing the GPS coordinates of their 
production sites, information on the capacity at each production site, and some information 
on hatcheries and processors. To complete the final database, further information was 
gathered about feed mill location and capacity, and hatchery and processor capacity and 
location.  The information provided to us is proprietary, and Drs. Vaillancourt and Labelle 
have signed confidentiality agreements with the feather boards and all other participants to 
ensure the security of the data. 
Results of the zoning feasibility study 
After attempting many combinations, several potential methods of dividing Ontario into 
two zones were found.  As each potential border has benefits and disadvantages, arriving at 
a final consensus on the issue requires further discussion among key participants.   
We welcome any questions or comments you might have; please do not hesitate to contact 






Copy of Confidentiality Agreement 
We agree that no proprietary information provided by (name of person (s) or organization 
here) will be accessible by anyone but the researchers involved in this research project on 
zoning. 
We agree that all proprietary information will be destroyed once the final report is 
published and the information is no longer necessary for data analysis. 
All data and interim reports or files which may contain some privileged information will be 
kept in a locked cabinet or otherwise secure location, and will not be available to people not 
involved in its analysis.  In addition, the laptop computers used for this project have a 
fingerprint recognition security system; reformatting the hard drive would be necessary to 
use these computers without an approved fingerprint, thereby ensuring the security of any 
stored data in the very unlikely event of a theft or attempted unauthorized access.     
We agree to the signing of this non-disclosure agreement, which involves the undersigned. 
 
Dr. Jean-Pierre Vaillancourt, DVM, PhD   
 
Dr. Heather E. Labelle, DVM  
 













Survey supplied to OABA members 
 
Please answer the following questions about your facility. You may email responses to the 
questions back to Dr. Labelle, or fax the completed response page back to her  using the fax 
number. If you need to send your responses by mail you may send them to Dr. Vaillancourt 
at the address listed on the previous page.    
 
What types of poultry feed are you currently producing? (Please circle all that apply) 
a) broiler starter 
b) broiler grower 
c) broiler finisher 
d) commercial layers 
e) layer pullets 
f) broiler breeder starter 
g) broiler breeder grower 
h) broiler breeder finisher 
i) turkey feed 
j) other (please specify) 
What types of poultry feed would you be capable of producing? 
a) broiler starter 
b) broiler grower 
c) broiler finisher 
d) commercial layers 
e) layer pullets 
f) broiler breeder starter 
g) broiler breeder grower 
h) broiler breeder finisher 
i) turkey feed 
j) other (please specify) 
 
What is the capacity of poultry feed (tonnes per day) would you be capable of 
producing in a sustained way for four months?  
 
What counties are currently served by your feed mill? 
 






Annex C: Statistics Canada Maps of Agricultural 
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